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Abstract
Introduction: Although football (soccer) has the highest participation of any sport worldwide,
the potential for injury is high due to its intense nature. In the elite setting, injury may impact
on immediate and future playing capacity, however in the sub-elite setting, injury may also
impact on employment outside of football. To consistently evaluate the prevalence and
aetiology of injuries in football, a consensus method was developed to allow for ongoing injury
data collection. Despite a number of injury studies in the elite setting, there has been little
research performed in the sub-elite setting that complies with the football consensus, and no
injury research performed in Australia.
The 11+ program was designed as a football specific surrogate warm-up that included
specific exercises to reduce injury risk in sub-elite football. Despite extensive research showing
the injury prevention capacity of the program when players perform the program a minimum
of 2 × per week, there has been low uptake of the 11+ program. Issues related to: (i) program
duration; (ii) player and coach support; and (iii) potential fatigue related to some of the
exercises; are all established reasons for the poor uptake. Consequently, the aims of this thesis
were: (i) determine the types, frequency and severity of injury observed as per the football
injury consensus statement in sub-elite football in Australia, (ii) assess the prevalence and
impact of non-time loss injury and associated time loss injury risk in sub-elite football, (iii)
investigate the attitudes, beliefs and behaviours of coaches, players and medical staff towards
injury prevention strategies and find potential options to overcome barriers to injury prevention
in sub-elite football, (iv) investigate the effect of a novel 11+ program delivery method on
player compliance and overall program efficacy.
Methods: (i) To determine the prevalence and aetiology of injuries, a season long injury
surveillance study of 1049 players was performed with injury and exposure data collected as
per the football consensus statement. (ii) Whilst conducting this season of injury surveillance,
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an additional self-reported injury surveillance method was included with a sub-group of 218
players. The Oslo Sports Trauma Research Centre (OSTRC) Questionnaire on Health Problems
was delivered weekly for the entire season. (iii) A survey-based questionnaire was delivered to
coaches, players and medical staff of sub-elite clubs. The survey contained several sections
related to: current practices and beliefs regarding injury risk and prevention; attitudes towards
the 11+ program and potential barriers to injury prevention practice. (iv) Finally, an
investigation including 806 players determined the effect of performing Parts 1 and 3 of the
11+ program only during the warm-up whilst rescheduling Part 2 of the 11+ program to the
end of training (P2Post; n = 408 players). This was compared with performing the standard 11+
program (Standard-11+; n = 398 players).
Results: (i) A total of 1041 injuries were recorded resulting in an injury incidence of 20
injuries/1000 hours of exposure with the burden being 228 days lost/1000 hours of exposure.
Muscle (41%) and ligament (26%) injuries were the most prevalent, whilst the most common
injury locations were; thigh (22%) and ankle (17%). Recurrent injuries accounted for 20% of
all injuries while mild injuries (days lost = 1 to 3 days) were the most prevalent (35%). (ii)
The prevalence of non-time loss injuries was shown to be 2.3 × greater than time loss injuries
in sub-elite football. The presence of a non-time loss injury was associated with a 3.6-6.9 ×
higher risk of sustaining a time loss injury in the 7 days following the report. (iii) Coaches,
players and medical staff were all supportive of injury prevention programs and perceive them
as important to reduce injuries. All stakeholders were equally supportive of performing two
10-minute injury prevention components delivered both before and after training, whilst the
ideal duration for a warm-up was between 16 to 19 minutes. (iv) There was no significant
difference in injury incidence between groups (P2post vs Standand-11+ = 11.8 vs 12.3
injuries/1000 hours of exposure). Severe injuries (33 vs 58 injuries) and total days lost to injury
(4303 vs 5815 days lost) were significantly lower in the P2post group compared with the
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Standand-11+ group. Both versions of the 11+ program each reduced injury incidence
compared to the previous season (Standard-11+ = 38% reduction; P2post = 40% reduction).
Players in the P2post group had a significantly higher dose exposure to the 11+ program (29.1
doses vs 18.9 doses) compared with the Standard-11+ group, thereby increasing player
compliance by 35%.
Discussion: Sub-elite football has an injury issue that requires immediate attention. With injury
incidence and burden in Australia twice that observed in elite football, the implementation of
injury prevention strategies and programs such as the 11+ program is of great importance and
urgency. The present results also indicate that the collection of non-time loss injury data not
only improves the insight into injury in sub-elite football but may also serve as an effective
secondary injury prevention strategy to identify players at increased risk of obtaining a more
severe injury.
Key stakeholders consider programs like the 11+ as important to reduce injury risk,
however strategies to increase program adoption and implementation are required. The findings
from this thesis indicate that the simple act of rescheduling Part 2 of the 11+ program to the
end of training not only maintains the efficacy of the standard program, but increases player
compliance and reduces injury burden when compared to the standard 11+ program delivery
format.
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Chapter 1

Chapter 1 – The Problem
1.

Introduction

In Australia an estimated 4.7 million people over the age of 15 years1 and 1.7 million children
aged between 5 to 14 years participate in organised sporting activities.2 Participating in leisure
time sporting activities can result in a range of health-related benefits3 with recreational football
(soccer) repeatedly shown to positively impact the cardiovascular, metabolic and skeletal
systems of both men and women.4-9 The health benefits associated with participating in sport
are however potentially offset by the risk of injury.10 This risk is magnified in sports like
football, due to the characteristics of the sport involving high intensity activity, changes of
direction and contact.11-13,

14

Unfortunately, injury often results in discontinued sporting

participation,15 can lead to longer term disability16 and substantial medical costs.17 Notably, in
Australia the annual cost of sporting injuries has been reported to exceed $2 billion.18 In the
sub-elite setting there is also the additional impact of injuries on missed days of employment,
which can result in a substantial economic cost to employers.19, 20
FootballƗ is the most popular sport in Australia, with 1.8 million participants,21 most of
whom participate on a sub-elite basis (amateur and semi-professional). It is therefore important
to investigate avenues to reduce the risk of injury associated with football activities at the subelite level. To ensure that the correct injury risks are addressed, it is vital to accurately identify
the nature of injuries that occur in football and complete a period of injury surveillance to
effectively evaluate an ensuing injury prevention program (IPP).22, 23 Van Mechelen et al.22
developed a four-stage injury prevention framework model to: (i) identify the extent of the
problem, (ii) identify the aetiology and mechanisms of injury, (iii) introduce preventative
measures and (iv) assess the effectiveness of the preventative measures by repeated step (i).

In Australia, several sporting codes use the label “football”. The focus of this thesis is what
is often referred to as soccer. From this point onwards, the term football will be used.
Ɨ
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Almost two decades later, van Mechelen’s framework22 was further developed into the
Translating Research into Injury Prevention Practice Framework (TRIPP)

23, 24

(Table 1.1) in

order to try and improve the success of implementing IPPs.

TABLE 1.1. The Translating Research into Injury Prevention Practice Framework (TRIPP) Framework.
Model Stage

Translating Research into Injury Prevention Practice

1

Injury Surveillance

2

Establish aetiology and mechanisms of injury

3

Develop preventative measures

4

“Ideal conditions”/scientific evaluation

5

Describe intervention context to inform implementation strategies

6

Evaluate effectiveness of preventative measures in implementation context

The TRIPP framework provides researchers with a robust methodological structure to conduct
injury prevention research and address ‘real world’ barriers to implementing an injury
prevention program. In Australia, several injury surveillance studies have been performed in
Australian Rules Football,25-27 the rugby codes28-30 and cricket.31, 32 However, despite football’s
popularity, no published studies have investigated the injury profile of elite or sub-elite football
players in Australia. It is therefore imperative that literature relative to Stages 1 to 6 of the
TRIPP framework are explored in relation to football in order to identify current knowledge
and gaps that warrant investigation.
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1.1
1.1.1

Injury Surveillance (TRIPP Stages 1, 2 and 6)
Elite versus Sub-elite Cohort Injury Research

The first and last stages of injury prevention are reliant on consistent injury surveillance. In
football, a consensus statement on injury data collection definitions and methodology was
developed to guide this process.33 A list of the most frequently used terms in football injury
surveillance research is presented in Table 1.2. 33, 34

TABLE 1.2. Definitions for frequently used terms in football injury surveillance research.
Term

Definition

Injury

Any physical complaint sustained by a player that results from a football
match or football training.

Time Loss Injury

Any injury that results in a player being unable to fully participate in
matches or training, including an injury where a player ceases training or
matches due to injury.

Injury Severity

The number of days from the date of the injury to the date of the player’s
return to full participation in training or availability for match selection. The
day of injury is Day 0 and severity is classified by the number of days that
the player is unavailable for full participation. The severity is reported in the
subcategories: Slight – 0 days; Minimal – 1-3 days; Mild – 4-7 days;
Moderate – 8-28 days; Severe – >28 days.

Time Exposure

Exposure, in hours, to football specific training and match play is recorded.
All sessions conducted by club coaching and fitness staff are recorded.
Extra sessions external to the club are not included.

Recurrent Injury

Injury of the same type and the same site which occurs after a player’s
return to full participation from the previous injury.

Trauma Injury

Injury with sudden onset and known cause.

Overuse Injury

Injury with insidious onset and no known cause.

Injury Incidence

Number of injuries per 1000 player hours.

Injury Burden

Number of days lost due to injury per 1000 player hours – (injury incidence
× mean absence (days) per injury).
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Over the past 10 years, most studies investigating injury incidence and injury patterns
in football that adhered to the guidelines presented in the consensus statement, have focused
on the elite level of competition.35-40 Comparisons of injuries incurred by sub-elite and elite
football players have shown a higher overall risk and rate of injury in elite football,41 with
higher risks during elite matches but lower risks at training.40, 42, 43 However, only one of the
aforementioned studies of injury in sub-elite football40 adhered to the football consensus
method for recording injuries in football.33 In this study, the frequency of injuries relative to
the effected body locations were almost identical between playing levels, with the only
exceptions observed being a higher number of knee and overuse injuries in the professional
cohort, and higher number of ankle injuries in the semi-professional cohort.40 The higher
number of overuse injuries in professional players is likely to be associated with higher
intensity training, increased training frequency and immediate access to medical staff for
diagnosis and assessment.40, 44, 45 Sub-elite players, however, reported more recurrent injuries,
which is consistent with research showing that recurrence rates are inversely proportional to
playing level.40,

45

When the severity of the injuries were examined, higher level players

suffered more “minimal” severity injuries, whereas lower level players reported more “severe”
injuries.40 Proposed reasons for this difference include a lack of medical staff and supervision
at lower level clubs, which may result in delayed or non-reporting of minor injuries, as well as
a reduced squad size in lower league teams, potentially resulting in more urgency for players
to return to training or a match before fully recovering from injury.40, 45, 46
Although these previous studies provide important information, discrepancies are
apparent in the injury reporting and recording methods across the literature investigating subelite players, making it difficult to infer broader associations.

47

This variability in injury

recording is not surprising given that there are difficulties in adhering to the consensus methods
for injury recording in sub-elite football. 47
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1.1.2

Issues and Potential Solutions to Injury Research in Sub-Elite Football

The methods outlined in the football consensus method33 were designed to be used in all
football injury research, both elite and sub-elite. However, there are many potential issues that
may limit the application of injury recording methods that adhere to the football consensus
statement guidelines33 in sub-elite levels of football.47 Limited medical supervision and
resources are available to non-professional football clubs and, as such, individuals with varied
levels of medical training have been used to collect injury and exposure data. In a sub-elite
setting, researchers have used several different sources to collect football injury data, including
coaches,48, 49 players,50-53 parents,54, 55 medical staff 56-61 and academics.45, 62, 63 Such variation
can lead to inconsistencies in data collection and interpretation of injury incidents when
comparing the information presented across the literature.47 Examples of the various injury
recording methods within the injury surveillance literature is contained in Table 1.3 and
highlights the large variation that exists. Furthermore, in studies in which non-medical
stakeholders are used to collect injury data, it is often not possible to comply with the consensus
injury collection methods.47 Yet research in sub-elite football that has claimed to follow the
football consensus methods has not acknowledged or explained how any of the aforementioned
data collection issues were addressed (Table 1.3).53, 59, 61, 64
There are several ways research performed in sub-elite football settings could comply
with the consensus injury recording methods.47 Firstly, ensuring medical and data collection
coverage in sub-elite football occurs at training sessions and matches is important in injury
research to maximise injury capture.65 The injury consensus statement also advises that a
minimum level of medical knowledge is required to collect injury data.33 In sub-elite football,
standardised data collection may be achieved by individuals with a sports trainer’s qualification
in which an advanced first aid qualification, in addition to a basic first aid qualification, is
obtained. This qualification includes education on specific modules on anatomy, injury
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mechanisms and injury reporting methodology. Indeed, previous research has shown that sports
trainers at community level sporting clubs can collect valid injury data and information of
adequate quality to provide an understanding of injury profiles.66, 67 Although it must also be
acknowledged that an underestimation of approximately 20% in injury rates has been reported
within injury data collected by sports trainers,66 these results are consistent with injuries
recorded for elite football players when injuries were recorded by team medical staff.68
In order to understand the true nature and extent of injuries in sub-elite football, the
issue of underreporting and “missing” injuries needs to be addressed. When injuries are missed
and not recorded it can result in the misclassification of injury severity (days lost) due to under
reporting of the initial injury occurrence. Unfortunately, the lack of resources and nature of
part-time participation in sub-elite football, often results in a lack of contact between club staff
and players. This can result in a scenario whereby a player sustains a minor injury which may
resolve between scheduled training/match days, yet the player may not have been able to
participate in a football training session during the days immediately after the event. In this
instance, the minor time loss injury would not be recorded during the data collection process.
As a consequence, many minor injuries might not be recorded in a sub-elite football
environment, impacting on the recorded total injury incidence and the under reporting of
injuries. For example, as most injuries occur during a match, in the sub-elite setting it is not
uncommon for at least 48-72 hours (Saturday match until a Tuesday evening training session)
to pass until the next training session. This issue can be further compounded by “missed”
football sessions caused by non-football related issues (e.g. work or personal commitments).
Finally, as sub-elite players do not have instant access to a diagnosis from a medical
professional, a medical review of injured players is not often possible. Alternative methods,
including phone consultations with injured players,54 weekly visits from allocated medical
professionals69 and player self-reports providing an injury description from which a diagnosis
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can be established,50-52 may offer viable methods to obtain a valid diagnosis.47
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Table 1.3 – Examples of the various injury surveillance methods used in sub-elite football injury research
Study

Method Used to Record Injuries
and Exposure

Cohort

Total Injuries (n)

Total Exposure
(h) or (AE)

Injury Incidence
(injuries/1000h)*

Compliance with
Football Consensus
Methods

van Beijsterveldt et al 40

Professional = Medical staff
Amateur = Sports Trainer

Professional (n=217);
amateur (n=456)

Professional = 286
Amateur = 424

Professional = 46194 h
Amateur = 44252 h

Professional = 6.2 (5.5 to 7.0)
Amateur = 9.6 (8.7 to 10.5)

Yes

Hagglund et al 45

Top-level and elite = medical staff
Amateur = coaches

Top-level (n=6956);
elite (n=2014);
amateur (n=241)

Top-level = 11581
Elite = 3836
Amateur = 134

Top-level = 232
h/player
Elite = 259 h/player
Amateur = 107 h/player

Top-level = 7.2 (7.0 to 7.3)
Elite = 7.4 (7.1 to 7.6)
Amateur = 5.2 (4.4 to 6.1)

Yes

Froholdt et al 49

Coaches

Amateurs – girls
(n=591) and boys
(n=1288) - 6 to 12
years old

200

94175 h

2.2 (1.8 to 2.6)

Yes

Hammes et al 51

Coaches and/or Players

Amateur (n=265)

Intervention = 51
Control = 37

Intervention = 4172 h
Control = 2937 h

Intervention = 12.2 (8.9 to
15.6)
Control = 12.6 (8.5 to 16.7)

Yes

Emery et al 55

Coach and/or Parent

Amateur (n=317)

78

13965 h

5.59 (4.42 to 6.97)

No

Herrero et al 56

Medical Staff

Amateur – country
wide competition

15246

Estimated - 1 match
(90 mins) and 2 training
sessions (60 mins) per
week per player

Training = 0.49
Matches = 1.15

No

Medical Staff and Coaches

Amateur (n=674)

199

161850h

Total = 1.2 (0.8 to 1.6)

Yes

Athletic Trainers

Amateur (n=1525)

Control = 665
Intervention = 285

Control = 44212 h
Intervention = 35226 h

Control = 15.04/1000 AEs
Intervention = 8.09/1000 AEs

No

McNoe et al 62

Research assistants contacting
players who self-reported injuries

Amateur (n=880)

Matches = 677
Training = 145

Matches = 13483 h
Training = 16031 h

Matches = 50.2 (46.6 to 54.1)
Training = 9.0 (7.7 to 10.6)

No

Soligard et al 64

Coaches

Amateur (n=1892)

Control = 215
Intervention = 161

Control = 45428 h
Intervention = 49899 h

4.7
3.2

Yes

Brito et al 59
Silvers-Granelli 61

* 95% Confidence Intervals presented where found; h = hours of exposure; AE = Athletic Exposures.
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1.2

Development of the Injury Prevention Program (TRIPP Stages 3 to 5)

1.2.1 The 11+ Program (TRIPP Stages 3 and 4)
The injury data collected during the first two stages of the TRIPP framework provides the
evidence for an injury prevention program to be developed to address the most common and
problematic injuries in a sport (Stage 3). In football, the 11+ program was designed, funded
and supported by the medical department of the world governing body for football, the
Federation Internationale de Football Association (FIFA). The 11+ program, which is
described in further detail in Chapters 4 and 5, was designed as a surrogate warm-up that is
simple to implement and to be performed at training at least twice per week without any
specialised gym or exercise equipment.70 Importantly, the 11+ program has been shown to
reduce injury incidence in both male61, 71 and female64, 72 sub-elite football players, with several
systematic reviews showing a 40% reduction of injury incidence after football players have
followed the program (Stage 4 of the TRIPP model).73-76
Despite these reductions in injury incidence, there has been poor adoption of the 11+
program. Several factors, including: (i) negative perceptions of the key stakeholders
(associations, coaches and players),23, 70, 77-79 (ii) issues regarding time taken to perform the
program,77, 80 (iii) concerns regarding fatigue and soreness77, 80 and (iv) boredom with the
program77,

80

appear to contribute to the lack of program adoption. Despite the evidence

supporting use of the 11+ program to reduce injuries and knowledge of the barriers to
implementing the 11+ program, adoption issues remain. 78 Stage 5 of the TRIPP framework
acknowledges this problem and highlights the need to explore methods to overcome the
established barriers to a program.
1.2.2 Addressing Intervention and Adoption Issues (TRIPP Stage 5)
To address Stage 5 of the TRIPP framework, it is important to explore the views of key
stakeholders associated with implementing injury prevention programs. A method to achieve
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this is to employ the RE-AIM model, which provides five dimensions to consider when
designing and developing an injury prevention program. The initial model81 acknowledged that
multiple stakeholders are involved in the process of implementing injury prevention programs
including: (i) the individual, (ii) the organisation, and (iii) the community. This model evolved
and was re-named as the RE-AIM Sports Setting Matrix (RE-AIM SSM) to acknowledge
hierarchical stakeholder levels that exist within sport including: (i) national sporting
organisations (NSO), (ii) state federations, (iii) community organisations, (iv) coaches and
clubs and (v) players.23 The importance of stakeholder buy-in has been recognized in reference
to adopting and implementing the 11+ program.78 A framework called the “Eleven steps to
implement the FIFA 11+” outlined how NSO’s could implement the 11+ program throughout
the community.78 This framework included NSO endorsement and resulted in successful
implementation of a nationwide dissemination of the similar “11” program in Switzerland, with
sports physical therapists training coaches to deliver the program.82 Furthermore, researchers
in New Zealand have shown, via implementation of the multi-sport SportsSmart program
(based on the 11+ program), that success can be achieved in terms of both reducing injury and
financial burden when the government is included in the framework.83 Therefore, implementing
any injury prevention program should engage with as many key stakeholder levels as possible,
with the RE-AIM SSM23 and the “Eleven Steps”,78 providing clear frameworks to achieve this.
Despite such clear frameworks, no published study was located in which an injury prevention
program was successfully implemented following these frameworks.
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1.3

Statement of the Problem

Despite the success of the 11+ program in reducing injury incidence in controlled experimental
conditions, issues involving implementation of the 11+ program on a larger scale remain. The
overall aim of this thesis was therefore to explore the effects of modifying the 11+ program
delivery on injuries incurred by sub-elite football players. In order to determine the best
approach to improve 11+ program implementation, the results of injury surveillance (Chapters
2 and 3) and potential options and barriers to 11+ program delivery (Chapter 4) were considered
prior to the development of a new strategy (Chapter 5). Therefore, to achieve the aim of this
thesis, a series of studies were conducted to systematically address gaps in our knowledge
related to injury and injury prevention in sub-elite football:
(i)

Confirm the types, mechanisms, frequency and burden of injury observed and
determine the associated severity of injury in sub-elite football in Australia.

(ii)

Using validated self-reported methods, assess the prevalence and impact of non-time
loss injury and the association with time-loss injury risk in sub-elite football.

(iii)

Determine the attitudes, beliefs and behaviours of coaches, players and medical staff
towards injury risk and prevention strategies in sub-elite football.

(iv)

Using a cluster randomised control design, determine the effect of rescheduling Part 2
of the 11+ on injury incidence and program compliance compared with the standard
program delivery, in sub-elite football.
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1.4.

Thesis Schematic Framework

Consistent with the stages of the TRIPP framework, a 1-year period of injury surveillance was
first performed throughout the entire 2016 football season to identify the aetiology and
mechanisms of injury in sub-elite football in Australia (Chapter 2; TRIPP Stages 1 and 2). This
was extended to determine the true nature of injuries in sub-elite football using self-reporting
methods to provide additional data for the analysis of non-time loss injuries in sub-elite football
(Chapter 3; TRIPP Stages 1 and 2). The 11+ program was selected as the injury prevention
program for Stages 3 and 4 of the TRIPP framework based on research supporting the efficacy
and implementation of this program for injury prevention in sub-elite football.74 Considering
the information gathered in Chapters 2 and 3, a survey of key stakeholders and end users –
coaches, players and physiotherapists – was conducted to determine attitudes and perceptions
on injury, injury prevention practices, the 11+ program and potential options for overcoming
barriers to injury prevention program adoption. (Chapter 4; TRIPP Stages 3, 4 and 5). Finally,
the 11+ program was implemented but modified (i.e. rescheduling components of the 11+
program) to explore strategies to improve program compliance (Chapter 5) and injuries
incurred by the players throughout the entire 2017 football season were recorded using the
same methods employed in Chapter 2. To determine the effect of rescheduling components on
the efficacy of the 11+ program, injury data collected during Chapter 5 for the different
intervention groups were also compared to baseline data (Chapter 2). As the study in Chapter
5 was performed as a randomized controlled trial rather than a “real world implementation”
study, this chapter complies with Stage 4 of the TRIPP framework. Figure 1.1 outlines the
framework for this project.
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TRIPP Stage

Stage 1 & 2

Stage 3 & 4*

Thesis aim
To optimize the delivery and efficacy of the 11+ program delivery in sub-elite football

Chapter 2
The incidence and burden of time loss
injury in Australian men’s sub-elite
football (soccer): a single season
prospective cohort study

Chapter 3
Do niggles matter? Increased injury
risk following physical complaints in
football (soccer)

11+ program selected due to established efficacy of the program

(*Already
established)

Stage 5

Chapter 4
What do players, coaches and physiotherapists in men’s sub-elite football think of injury
prevention and the 11+ program?

Chapter 5
Rescheduling Part 2 of the 11+ reduces injury burden and increases compliance in semiprofessional football
Stage 4

Thesis Outcomes
Description of injury patterns and mechanism in sub-elite football and how to implement the 11+
program to reduce injury burden and increase compliance in semi-professional football
Figure 1.1. Schematic of thesis structure and how each component complies with the TRIPP framework,
addressing the overall thesis aim.
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Abstract
Objectives: This study aimed to conduct the first injury surveillance study in sub-elite football
in Australia, using methods from the international football consensus statement.
Methods: 1049 sub-elite football players were recruited during the 2016 season. Injury and
exposure data were collected by trained Primary Data Collectors (PDCs) who attended every
training session and match.
Results: There were 1041 time loss injuries recorded during 52127 h of exposure resulting in
an injury incidence rate of 20 injuries/1000 h (95% Confidence Interval [CI]: 15.9-23.3). The
injury burden (days lost to injury relative to exposure) was 228 days lost/1000 h. Muscle and
ligament injuries were the most prevalent (41% and 26%) and incurred the highest injury
burden (83 and 80 days lost/1000 h, respectively). The most common injuries were observed
at the thigh (22%) and ankle (17%), with hamstring (13%) the highest reported muscle injury.
The profile of injury severity was: mild – 35%; minor – 29%; moderate – 28% and severe –
8%. Recurrent injuries accounted for 20% of all injuries.
Conclusion: By addressing issues identified with injury recording in sub-elite football, this
study found that the injury incidence was twice that observed in previous research in elite and
sub-elite football cohorts. Injury burden was also twice that of the elite setting, with similar
injuries associated with the highest burden. The results highlight the need for investment into
medical provision, facilities, coach education and injury prevention programs to reduce
healthcare costs to sub-elite players in Australia.
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2.1

Introduction

Football is Australia’s most popular sport with over 1.1 million participants.1 Below the only
professional league (A-League; <1% of all Australian football participants), both National and
regional league competitions include high level sub-elite (semi-professional and amateur)
players who participate in three to four scheduled football sessions (training and competition)
per week. In addition, sub-elite players are typically committed to other occupational
employment or full-time education commitments, which can introduce additional stressors and
strains.2 Despite the high participation rates and player participation profile, there has been no
injury surveillance research performed in sub-elite football in Australia. Injury is often the
reason a player discontinues sporting participation and can lead to long term disability and
substantial medical costs3 and economic cost associated with employment absences.4 In
alignment with Van Mechelen’s injury prevention model,5 accurate cohort specific surveillance
is necessary to inform bespoke injury prevention programs. Thus, whilst injury prevention
programs can reduce injuries in football by up to 39%,6 without cohort specific injury
surveillance, the effectiveness and efficacy of injury prevention programs cannot be accurately
determined.7
In 2006 a football consensus statement8 was developed to guide injury research and
since publication, the majority of elite football injury surveillance studies have employed the
methods as proposed within this statement.9-11 A number of injury surveillance studies in subelite football have stated that the methods used are consistent with the football consensus
statement. However, there is often: (i) a lack of detail regarding what injury details are recorded
and who collects the data,12 (ii) inconsistencies in the way playing/training exposure is recorded
13

and (iii) inconsistent injury definitions used.14 Meanwhile, due to a lack of resources in the

sub-elite setting, studies that have strictly applied the consensus statement methods report
difficulties when attempting to record minor (<7 day training/match absence) injuries.11, 15
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Additionally, despite research establishing the importance and value of recording injury burden
in the elite setting,16 injury burden has is yet to be examined in the sub-elite setting.
Consequently, the inconsistences and methodological limitations in sub-elite injury
surveillance studies make it difficult to compare the incidence and patterns of injury between
sub-elite studies and elite cohorts.12, 17 Therefore translation of current elite injury prevention
practices into sub-elite populations is somewhat limited.7
This study aimed to: (i) conduct the first injury surveillance study in sub-elite football
in Australia, using methods that allow strict adherence to the international football consensus
statement 8, 16 and, (ii) document injury burden16 in sub-elite football, which has implications
for injury prevention strategies and practices.

2.2
2.2.1

Methods
Participant Recruitment

A prospective cohort study of 1049 players (age: 24.3 ± 6.2 years; stature: 178.6 ± 6.9 cm;
body mass: 75.2 ± 11.2 kg) from 25 male sub-elite football clubs (each comprising ~ 2-3 teams)
in New South Wales (Australia) was conducted over the 2016 season. The clubs consisted of
four Tier 2 (National Premier League) and twenty-one Tier 3 (Regional League) clubs in which
all players received financial incentive to play and were contracted to their club. The players
participated in competitions that were the level directly below the full-time professional
Australian competition. With almost over 1.1 million players participating in football in
Australia,1 and the professional league (The A League) only having 11 teams, the performance
level and quality of the sub-elite player is often quite high. Players all participated in a
minimum of 3 scheduled team sessions/week (including 2 training sessions + match). Clubs
and players were recruited via a number of methods including: direct contact with team medical
staff; presentations to club officials and coaches; engagement with the Regional Association
and contact with State and National Federations. Injury records were obtained during all
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training sessions (2-3 per week) and matches including preseason, in-season and finals (28-34
weeks). Prior to data collection, all players were fully informed of the study and provided
signed consent. All procedures were approved by the University of Wollongong’s Ethics
Committee (reference number: 15/340).
2.2.2

Data Collection Definitions and Procedures

The football consensus statements’8 injury definitions and data collection procedures
(Appendix 1) were applied in this study. An injury was defined as “any physical complaint
sustained by a player that results from a football match or football training”, whilst time loss
injuries were defined as an “injury that results in a player being unable to fully participate in
matches or training.” As per the football consensus statement, only time loss injuries were
included for analysis. Players were deemed to have recovered from injury once they had
returned to full training/match participation or were considered eligible for team selection. 8
A Primary Data Collector (PDC) at each club attended all training and match sessions
to record football exposure and injury data via a standardised collection form (Appendix 2).8
Injury and exposure records were shared with the primary researcher on a weekly basis via a
customised online data management platform. The use of a Primary Data Collector (PDC) at
each club attempted to address the issues identified in performing injury surveillance in subelite football.17 The PDC was designated as the only person collecting injury and exposure
data; they attended every training session and were present on match day to facilitate the
capture of all injuries. Each PDC was required to obtain a Sports Trainers Level 1 certification,
which is considered the national minimum medical qualification in Australia. Sports trainers
have been used as PDCs in sub-elite Australian Rules Football injury surveillance18 and
completed additional training with the lead researcher (an accredited physiotherapist) detailing
how exposure (minutes) and injury details were to be recorded to comply with the football
consensus.8 The PDC was educated on injury definitions and the process for recording detailed
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injury descriptions and, as per previous surveillance work,19 from the injury description, an
injury diagnosis was later determined by an accredited physiotherapist using the Orchard
Sports Injury Classification System (OSICS-10.1).20 Additional groin pain subcategories of
abdominal, adductor and iliopsoas related origin were added to provide a more in depth analysis
of hip/groin pain presentation and to broaden the scope of the injury surveillance, allowing for
comparison with recent literature. 21 Injuries that occurred late in the season were followed up
by the PDC in order to determine a full recovery date.
2.2.3

Statistical Analysis

Injury incidence rate (± 95% Confidence Intervals [CI]) was calculated (total injuries / total
exposure (hours) x 1000 hr), and the mean number of days lost per injury was recorded. Injury
burden was calculated as the average number of days lost per injury relative to exposure.16 The
frequency of injuries categorised by type, mechanism and location, are presented as absolute
and relative values (percentage of total injuries).

If players ceased participation, their

individual exposure and injury was still included. Thus, no player data were lost because the
injury data were normalised relative to exposure.

2.3

Results

A total of 1041 time loss injuries were recorded during 52127 hours (h) of exposure (training
= 40327 h and matches = 11800 h), resulting in a total injury incidence of 20 injuries/1000 h
(95% CI: 15.9 to 23.3). Matches incurred a 5-fold greater incidence of injuries (54 injuries/1000
h; 95% CI: 51.2 to 57.8) versus training (10 injuries/1000 h; 95% CI: 8.2 to 11.8). Individual
player exposure for matches (11 h) and training (39 h) over the season resulted in a training
exposure-to-match ratio of 3.6:1. Minimal (7 injuries/1000 h; 95% CI: 4.0 to 8.6), mild (5.8
injuries/1000 h; 95% CI: 4.2 to 7.1) and moderate injury (5.5 injuries/1000 h; 95% CI: 4.7 t0
6.8) severity classification were evenly distributed, and severe injuries (1.7 injuries/1000 h;
95% CI: 1.3 to 2.4) were relatively uncommon (Table 2.1). Injuries affecting the lower limb
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accounted for 86% of all injuries (Table 2.1), with the most common locations observed at the
thigh (22%) and ankle (18%). The majority (82%; 16 injuries/1000 h) of injuries occurred as a
result of a specific incident (i.e. trauma) and hamstring injuries (13%) were the most common
muscle injury (Table 2.2).

46

Chapter 2
TABLE 2.1. Injury incidence pattern including location, type and mechanism.
Total
Minimal
Mild
(1-3 Days)
(4-7 Days)
Injury location
Head/face
33 (3)
16 (4)
8 (3)
Neck/cervical spine
10 (1)
3
2
Shoulder/clavicle
21 (2)
3
7 (2)
Sternum/ribs/upper back
18 (2)
8 (2)
5 (1)
Abdomen
7
2
1
Low back/sacrum/pelvis
34 (3)
19 (5)
9 (3)
Hand/finger/thumb
17 (1)
6
7 (2)
Hip/groin
126 (12)
43 (12)
39 (13)
Thigh
231 (22)
62 (17)
68 (22)
Hamstrings
145 (14)
32 (9)
34 (11)
Quadriceps
86 (8)
30 (8)
34 (11)
Knee
167 (16)
57 (16)
46 (15)
Lower leg/Achilles tendon
134 (13)
67 (18)
34 (11)
Ankle
192 (18)
55 (15)
64 (21)
Foot/toe
43 (4)
21 (6)
8 (3)
Injury type
Fracture
Other bone injury
Dislocation/subluxation
Sprain/ligament injury
Meniscus/cartilage
Muscle injury/strain
Tendon injury
Haematoma/contusion
Abrasion
Laceration
Concussion
Other injury

21 (2)
12 (1)
19 (2)
270 (26)
27 (3)
429 (41)
54 (5)
160 (15)
6
10 (1)
15 (1)
20 (2)

3
4
2
80 (22)
6 (2)
140 (38)
21 (6)
86 (24)
4 (1)
6 (2)
5 (1)
5 (1)

2
4 (1)
3
79 (26)
13 (4)
119 (39)
20 (7)
45 (15)
2
4 (1)
3 (1)
9 (3)

Injury mechanism
Non-contact
599 (58)
184 (31)
179 (30)
Contact
442 (42)
180 (41)
123 (28)
Recurrent
211 (20)
61 (29)
67 (32)
Trauma
853 (82)
283 (33)
236 (28)
Overuse
188 (18)
81 (43)
66 (35)
Total injuries
1041
364 (35)
302 (29)
Values within brackets show percentage of total values (below 1% not shown)
Injury locations and types with <5 injuries are not shown

Moderate (828 Days)

Severe
(>28 days)

7 (2)
4 (1)
6 (2)
4 (1)
3 (1)
5 (2)
4 (1)
37 (13)
79 (27)
60 (20)
19 (7)
45 (16)
22 (8)
59 (20)
12 (4)

2 (2)
1 (1)
5 (6)
1 (1)
1 (1)
1 (1)
0
7 (8)
22 (25)
19 (22)
3 (3)
19 (22)
11 (13)
14 (16)
2 (2)

6 (2)
4 (1)
7(2)
80 (28)
7 (2)
136 (47)
12 (4)
25 (9)
0
0
6 (2)
5 (5)

10 (12)
0
6 (7)
31 (36)
1 (1)
34 (39)
1
4 (5)
0
0
1 (1)
1 (1)

184 (31)
104 (23)
66 (31)
250 (30)
38 (20)
288 (28)

52 (8)
35 (8)
17 (8)
84 (9)
3 (2)
87 (8)
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TABLE 2.2. Muscle* and ligament injury incidence pattern, incidence and burden.
Total
Incidence
(/1000 h)
Muscle Injury
Hamstring muscle strain
Quadriceps muscle strain
Calf muscle strain
Hip/Groin Pain
Adductor Related
Iliopsoas Related
Abdominal Related
Recurrent muscle injury
Ligament Sprain
Knee ligament sprain
ACL sprain
MCL sprain
Ankle ligament sprain

95% CI

Injury Burden
(Days lost/1000 h)

Average Days
Lost/Injury

138 (13)

3

2.4 to 3.4

38

14

43 (4)
72 (7)
102 (10)
64 (6)
32 (3)
6 (1)

1
1.4
2
1.2
0.6
0.1

0.8 to 1.2
1.2 to 1.6
1.7 to 2.3
1.0 to 1.4
0.5 to 0.7
0.08 to 0.12

8
12
21
13
4
4

9
9
11
11
7
32

81 (8)

1.6

1.5 to 1.7

20

13

82 (8)
8 (1)
43 (4)

1.6
0.13
0.8

1.4 to 1.8
0.1 to 0.16
0.6 to 0.1

39
17
15

25
127
18

142 (14)

2.8

2.6 to 3.0

33

12

*Muscle

injuries only include structural and functional injuries - exclude contusions, haematoma, tendon related injuries. Values within brackets show percentage
of total all injuries (n=1041)
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An injury burden of 228 days lost/1000 h with an average of 11 days lost/injury was
observed (Table 2.3). Muscle and ligament injuries resulted in the highest injury burden (83
and 80 days lost/1000 h, respectively), with the knee and thigh (53 and 48 days lost/1000 h,
respectively) the most common locations. Injuries during match exposure resulted in a greater
injury burden (160 days lost/1000 h) and mean time lost to injury (13 days) when compared to
injuries associated with training exposure (68 days lost/1000 h; 9 days).
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TABLE 2.3. Injury burden of time loss injuries (injury incidence × mean absence per injury).
Days Lost per 1000 hours
Days Lost per Injury
Injury location
Head/face
Shoulder/clavicle

5
9

8
23

Sternum/ribs/upper back
Low back/sacrum/pelvis
Hip/groin
Thigh
Hamstring
Quadriceps
Knee
Lower leg/Achilles tendon
Ankle
Foot/toe
Injury type
Fracture
Sprain/ligament injury
Meniscus/cartilage
Muscle injury/strain
Tendon injury

3
4
25
48
36
12
53
21
43
7

8
6
10
10
13
7
17
8
11
8

15
80
5
83
9

37
16
10
10
9

Haematoma/contusion
Concussion
Dislocation
Injury mechanism
Non-contact
Contact
Recurrent
Trauma
Overuse
Injury event
Match
Training

17
3
8

6
11
29

136
92
51
203
25

12
11
13
13
8

160
68

13
9

228

11

Total
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Non-contact injuries (136 days lost/1000 h) resulted in a greater injury burden
compared to contact injuries (92 days lost/1000 h). Despite a relatively low injury incidence,
knee ligament injuries resulted in a similarly high injury burden (39 days lost/1000 h) versus
hamstring muscle (38 days lost/1000 h) and lateral ankle sprain (33 days lost/1000 h) injuries.
Recurrent injuries resulted in an injury burden of 50 days lost/1000 h and a time lost average
of 13 days per injury.

2.4

Discussion

In this study, the incidence of injury (20 injuries/1000 h) was more than twice that previously
reported in elite (8 injuries/1000 h)9 and sub-elite (9.6 injuries/1000 h)11 cohorts. Strict
adherence to the consensus statement methods within this study captured a larger percentage
of “mild” and “minimal” severity (<7 days’ time lost) injuries compared to previous sub-elite
studies,11,

15

although the relative distribution of injury severity, types, mechanisms and

locations were all similar to elite studies.9, 16 This study was the first to add injury burden to
sub-elite injury surveillance. Injury burden was almost twice that seen in research conducted
in the elite setting,16 albeit the same injuries (anterior cruciate ligament rupture, hamstring
muscle strains, ankle sprains and muscle contusions) were associated with the highest injury
burden.
2.4.1

Injury Incidence and Burden

In contrast to previous investigations,11 the injury incidence in this study was two times greater
than that observed in the elite setting,9 whilst injury burden in the sub-elite setting was almost
twice that observed in the elite setting.16 Indeed, there are a number of reasons why one might
expect differences between sub-elite and elite cohorts that would result in a higher injury
incidence and burden. Firstly, a lower training exposure (39 h/player) and training to match
exposure ratio (3.6:1) was observed versus elite populations (213 h/player and 5.2:1,
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respectively)9, with matches yielding a higher intensity22 and injury incidence compared with
training sessions.9, 11 Furthermore, whilst only field-based football exposure is included in the
football consensus statement, elite teams often perform additional injury prevention and
strength and conditioning (S&C) programs to complement on-field work.23 As such, the lower
training-to-game ratio, reduced training exposure and a lack of injury prevention and S&C
programs may not provide adequate physical readiness for match intensities in sub-elite
football.24 Therefore, programs, such as the 11+ program, that have strong evidence for
reducing injury risk in football 6 and can be delivered in the sub-elite setting, may have an
important role in addressing these issues.
Secondly, lower player skill levels can present an increased injury risk25 as these players
are less adept at avoiding injury scenarios involving direct contact that commonly result in
contusion/haematoma injuries.26 Indeed, whilst time lost from direct impact injuries in this
study was similar to elite football (≤7 days’ time loss),27 an incidence of 3 injuries/1000 h for
contusion/haematomas was almost three times higher than previously observed in an elite
setting (1.3 injuries/1000 h ).9 It is thus suggested that the methods adopted in this study, which
resulted in a high capture of minor injuries, highlight a potential issue associated with low skill
level in sub-elite football. Compounding this, sub-elite teams often play on surfaces with
substantial signs of wear and tear, which can exacerbate the lower skill level,25 and potentially
increase impact injuries and sprains. With respect to the cohort examined within this study, an
increased risk of non-contact traumatic injury may also have been observed due to the warmer
climate and firmer playing surface characteristics compared with European based sub-elite and
elite cohorts.11,26, 28
Thirdly, a lack of access to medical staff (e.g. medical doctors, physiotherapists) in subelite football likely results in inadequate rehabilitation and return to play decisions that are
solely coach and/or player driven, potentially leading to uninformed decisions on safe return
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to play. The lack of medical staff at training also typically reduces the ability to complete
accurate injury reporting.18 However, the presence of a Sports Trainer at training and on match
days to record injury in this study appears to have addressed this issue with a larger capture of
injury data compared with previous sub-elite research. It is important to note that, in sub-elite
football, it is common for a number of days to pass between scheduled sessions with no playermedical staff contact. Correspondingly, the methods utilised in this study may have
overestimated time loss for minimal and mild injuries and presented an inflated incidence.17
As players were presumed injured until they were able to fully participate in training or a match,
in some cases it is possible that there were 3 to 4 days between player-medical contacts, and
may have increased time loss periods by 2 to 3 days. However, the effect of any overestimation
is difficult to evaluate as an underreporting of injuries has been noted in previous research.12
2.4.2

Muscle Injuries

Despite the high injury incidence observed in this study, there were similarities in the injury
patterns observed when compared with elite cohorts, with muscle injuries incurring the highest
injury incidence and injury burden.9 The time loss (14 days) and relative occurrence (13% of
all injuries) of hamstring injury was also similar to elite populations.29 The impact of hamstring
injuries was further highlighted in this study by a burden three and four times higher than calf
and quadriceps muscle injuries, respectively. Hip and groin injuries also presented at a similarly
high incidence, burden and time loss per injury as the hamstring. The incidence of groin pain
was twice that previously reported in elite30 and two to four times that in sub-elite11,21
populations. Hip/groin injuries were sub-group classified21 with a resultant incidence of
adductor-related groin pain two times higher than iliopsoas-related, and ten times higher than
abdominal-related groin pain, and a similar distribution to existing elite30 and sub-elite
research.21 Adductor-related injury burden (13 days lost/1000 h) was similar to a recent elite
cohort study30 despite a twofold higher groin injury incidence in this study. Whilst it has been
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suggested that higher level players are at more risk of hip and groin pain,30 the results of this
study indicate that the prevalence of adductor-related groin pain at both sub-elite and elite
levels is similar. These findings reaffirm that thigh and groin muscle injuries represent an injury
challenge in both elite and sub-elite football, and suggest that in addition to a focus on thigh
and ankle exercises, specific groin related exercises should also be included in injury
prevention programs at the sub-elite level.
2.4.3

Ligament Injuries

Knee and ankle ligament injuries were the most common ligament injuries observed in this
study and is consistent with previous research conducted in the elite setting. 9 Knee ligament
sprains were associated with player time loss more than twice that of a muscle injury,
contributing to a ligament injury burden similar to muscle injury (80 and 83 days lost/1000 h)
despite a lower injury incidence. The incidence and burden of ligament injury was also much
higher in this cohort of sub-elite footballers when compared to reports in an elite setting. Lateral
ankle sprain incidence was five times higher and injury burden 50% greater10 whilst incidence
of anterior cruciate and medial collateral ligament (MCL) was two to three times greater than
that observed in an elite setting.31
2.4.4

Injury Mechanism

Typically, the cause of all muscle and ligament injuries (82%; 15 injuries/1000 h) observed in
this study were the result of a specific event (trauma). Trauma was the major cause (69%) of
all non-contact injuries and resulted in a higher injury burden (136 days lost/1000 h) compared
with contact injuries (92 days lost/1000 h). Indeed, trauma has been reported as the most
common injury mechanism in previous research of sub-elite football.11 In contrast, overuse
injuries appear more common in the elite setting.9 It should be considered, however, that higher
football exposure/player in elite football9 may result in elite players being more susceptible to
overuse injury and better access to medical services may facilitate overuse injury recording.11
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In this current study, recurrent injuries resulted in an injury burden twice that of overuse
injuries, despite a similar injury incidence, with the mean days lost similar to that of noncontact and contact injuries. Interestingly, the incidence of recurrent injuries was two-four
times higher than previous elite9 and sub-elite research, 11, 15 which we attribute to the increased
number of minor (time loss <7 days) injuries captured. Indeed, most injuries (64%) in this study
were classified as minor, substantially increasing the number of ‘initial’ injury events that may
be defined as recurrent. Injury recurrence was also 50% higher in this study compared to “top
level” Union of European Football Associations (UEFA) European elite cohorts, but similar to
that seen in “high level” (Swedish Premier Division) teams.15 This difference is likely
explained by improved medical resources and larger squad sizes at the “top level”.9, 16 Based
on the prevalence and burden of recurrent injuries in sub-elite football, strategies to improve
return to play policies are thus required, with the importance of minor injury data capture
highlighted in this study.
2.4.5

Limitations

This study has shown a high injury incidence in sub-elite football; however, when considering
the results, the limitations of this study should be acknowledged. Firstly, multiple PDCs at
multiple clubs collecting the data may have presented a degree of extraneous variability. By
conducting extensive training of the PDC cohort however, we aimed to minimise potential
reporting differences and this ‘interclub’ variation would also be equally prevalent in any injury
surveillance research involving multiple practitioners.12
Secondly, although the football consensus statement defines an injury as “any physical
complaint”, only injuries that resulted in an inability to participate in training or matches are
typically included for analysis.8 The accumulative nature of overuse injuries though, often
leads to players with physical complaints continuing to fully participate in football, suggesting
it is likely that overuse injuries account for a much larger injury prevalence than reported in
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this study.32 Furthermore, accumulated fatigue and injury from participation in other sports,
recreational pursuits and work outside of football is not typically included in elite and sub-elite
injury surveillance research, yet may impact on potential injury risk and incidence. Future
research should therefore seek to incorporate methods to improve the capture of overuse
injuries and non-football related workloads.
Thirdly, the individual player exposure to matches and trainings was 11 and 39 h,
respectively. Over the course of a 28-34 week season this exposure is potentially quite low and
indicates that many players may have had poor training attendance or left during the season for
various reasons. As such it is possible that this poor exposure over-inflated the injury incidence
observed in this chapter, however a lack of adequate training exposure may also suggest a
potential mechanism for higher injury risk in the sub-elite population.

2.5

Conclusion

In this study a two-fold higher injury incidence and injury burden, and four-fold higher
recurrence, was observed when compared to research in the elite and sub-elite football setting,
yet the location, severity and mechanisms of injury were similar. Conseqeuently, adherence to
the procedures outlined in the football consensus statement appears to improve injury
surveillance in sub-elite football and should be adopted in future football injury research. The
high injury incidence may be related to a number of factors including individual skill level,
training availability and access to medical expertise in sub-elite cohorts. Potentially, improved
coach education on ensuring physical readiness and safe return to play and improved access to
medical resources, in addition to the implementation of injury prevention programs, may all be
possible avenues to reduce injury incidence in sub-elite football. Overcoming barriers to, and
improving, the implementation of injury prevention and rehabilitation programs is thus
paramount to reducing the incidence and burden of injury in sub-elite football.
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2.6
•

Practical Implication
The addition of a PDC to injury data collection in sub-elite football increases capture of
less severe injuries and improves injury surveillance.

•

The pattern and severity distribution of injury is similar in elite and sub-elite football.

•

The high incidence and burden of injuries emphasises the need to include programs, such
as the 11+ program, in sub-elite football.

•

Particular focus should be applied to the prevention of knee, ankle and hamstring related
injuries due to their associated high injury burden.

•

Additional coach education via the coaching curriculum to develop: (i) strategies to ensure
adequate player preparation, (ii) delivery of injury prevention programs, and (iii) return to
play policies, are warranted.
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Chapter 3 - Do Niggles Matter? Increased Injury Risk Following Physical
Complaints in Football

3.1

Preface

The results of Chapter 2 highlight the high time loss injury incidence and burden in sub-elite
football, however to obtain a “true” injury overview the collection of non-time loss injuries is
considered necessary.4 The prevalence and nature of overuse, non-TL injuries6 may provide
further insight into the high injury incidence observed in Chapter 2. To achieve this at the subelite level, limitations to injury surveillance such as a lack of medical staff and recording
resources9 must be addressed. Self-reported methods of injury surveillance offer a potentially
effective solution.10 As yet, no research has investigated the non-TL injury profile in sub-elite
football over an entire season. Therefore, given the importance of Stages 1 and 2 of the TRIPP
model for the development of injury prevention strategies, the addition of non-time loss injury
surveillance, in addition to the traditional time loss method, may prove to be of importance and
enhance injury program design. Furthermore, investigating the link between non-TL injury as
a potential risk factor for the development of a TL injury is a unique feature of the analysis.
Evidence of any association may provide practitioners with another tool to identify players at
increased risk of injury.
This chapter is an amended version of the published manuscript: Whalan M, Lovell R,
Sampson JA. Do Niggles Matter? – Increased injury risk following physical complaints in
football

(soccer).

Science

and

Medicine

in

Football

2019;

doi.org/10.1080/24733938.2019.1705996.
The citations and references contained herein apply to this chapter only. The citations related
to the reference list within this section only and not to the reference list included at the end of
this thesis.
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Abstract
Objective: To determine the prevalence and impact of non-time loss injuries in sub-elite
football.
Methods: 218 players completed the Oslo Sports Trauma Research Centre (OSTRC)
Questionnaire on Health Problems weekly during the 2016 season (35 weeks), recording the
prevalence and impact of time loss (TL) and non-time loss (non-TL) injuries. TL injury and
exposure were also collected by a third party as per the football consensus statement. The
relative risk (RR) of a TL injury within 7 days of a self-reported non-TL injury was determined,
with associated predictive power calculated.
Results: The risk of a TL injury was 3.6 to 6.9  higher when preceded by ‘minor’ and
‘moderate’ non-TL complaints, respectively, and good predictive power (22.0 – 41.8%) was
observed (AUC range = 0.73 to 0.83). Compliant responders (80% of completed OSTRC
questionnaires) showed a mean self-reported weekly injury prevalence (TL and non-TL
combined) of 33% (95% CI – 31.4% to 34.6%) with 28% (CI - 26.4% to 29.6%) attributed to
non-TL injury.
Conclusion: Over a quarter of players, on average, report a physical complaint each week that
does not prevent them from participating in training or match play. A non-TL injury was shown
to be useful in identifying individual players at an increased risk of a TL injury.
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3.2

Introduction

Accurate injury surveillance underpins effective injury prevention programs.1 However, in
football injury research, whilst an injury is defined as “any physical complaint”,2 only time loss
(TL) injuries resulting in a failure to fully participate in training or matches are used to
determine injury incidence and severity.3 It is acknowledged that excluding physical
complaints that do not result in a TL injury may underestimate the true injury profile in
football.4 The complex nature of injury suggests that as many contributing factors as possible
should be considered during surveillance to improve the effectiveness of injury risk reduction
strategies.5 Notably in overuse injuries, tissue failure may already be present before the
development of pain and performance deficits, with dysfunction in a local area potentially
impacting on pathology in neighbouring regions.6 As such, injury surveillance methods that
capture all “physical complaints” may improve the sensitivity of injury surveillance7 and allow
practitioners to consider the magnitude of the symptoms suffered alongside the burden
associated with time loss injury.8
Such methods may be achieved in an elite setting where clubs have access to full-time
medical staff and resources that allow thorough player monitoring and accurate injury
surveillance. In the sub-elite setting however, there is often a lack of medical staff and
recording protocols may need to be more adaptable.9 Self-reported data collection methods can
improve injury data collection,10 increasing capture of physical complaints that do not result in
training or match play absences (a non-TL injury), versus more commonly used TL only
methods.11-14 However, little is known about the prevalence and impact non-TL injuries in
football may have on more serious TL injury risk. This information may have particular
importance in sub-elite, semi-professional environments, where the players’ primary source of
income may be from non-football occupations, and the long term cost of injury can affect both
the player’s health15 and financial status.16 Indeed, injuries in non-professional settings, such
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as a college, high school or university, are associated with a significant financial cost.17 The
increasing costs associated with sporting injury has led to suggestions that the risk of injury
may negate the positive health benefits associated with physical activity.18 It is therefore of
paramount importance that practitioners continue to search for effective and easily
implementable methods to reduce injury incidence.19
The current study therefore compared the prevalence and impact of “all physical
complaints” in sub-elite, semi-professional football between self-reported and third party
injury surveillance recording methods and further aimed to: (i) determine the relative risk of
sustaining a TL injury within 7 days of reporting the presence (vs absence) of a reported nonTL injury; and (ii) examine whether the presence of a non-TL injury, in isolation, is linked to
injury occurrence. The null hypotheses were: (i) that the number of injuries reported with a
self-reported questionnaire would be similar to the number recorded by a third party, and (ii)
the relative risk of suffering a TL injury would be similar regardless of the presence or absence
of a preceding self-reported non-TL injury.

3.3
3.3.1

Methods
Participants

Twenty-five teams from ten semi-professional football clubs volunteered to participate in the
study during the 2016 season. Clubs were recruited from the NSW National Premier League
and Illawarra Premier League in Australia (2nd and 3rd tiers of participation, respectively). All
players participated in a minimum of three football-based sessions per week (training and
match). Prior to data collection, all players were informed of the study and provided written
informed consent. All procedures were approved by the University of Wollongong’s Ethics
Committee (reference number: 15/340).
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3.3.2

Time Loss Injury Data Collection.

Time loss injury data and individual exposure minutes (training and match) were collected in
accordance with the methods outlined in Chapter 2, with injury defined as “any physical
complaint”, and TL injury defined as an “inability to fully participate in football training or
matches”.2 As in Chapter 2, to comply with the consensus methods, each club was assigned a
Primary Data Collector (PDC) holding a minimum medical qualification (Sports Trainer Level
1), a method that has been previously shown to be a valid and reliable means of collecting
injury data.12, 20 The PDC attended all training and match sessions to record injury and exposure
via standardised data collection forms (Appendix 2) and were provided with additional tuition
by a qualified physiotherapist detailing injury description, definitions and recording exposure
to comply with the Fuller et al. 21 consensus statement. No exposure data was recorded for
players performing modified training or rehabilitation exercises at training. Players were
considered no longer injured on their return to full training and deemed available for match
selection.
3.3.3

Non-Time Loss Injury Data Collection.

The presence and impact of physical complaints on training/match participation, performance,
volume and severity was assessed weekly (35 weeks) using the OSTRC Questionnaire on
Health Problems.22 The OSTRC Questionnaire was only used to record injury occurrence, an
accumulated “injury score” was not calculated. A survey link was emailed to each player at the
start of each week (www.surveymonkey.com) with instructions to complete prior to the first
training session of the same week. Due to the “participation” focus in the Fuller et al.2
consensus statement for injury definition, the “participation” category of the OSTRC
Questionnaire was selected to be the primary category for analysis. A TL injury was recorded
via the OSTRC Questionnaire when a report of “Cannot participate due to injury” was
recorded. A non-TL injury was recorded when a player self-reported “full participation but
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with health problems” (minor) and “reduced participation due to health problems” (moderate)
complaints. The impact of any non-TL injury reported was further assessed by its affect (minor
or moderate) on performance, volume of training and perceived severity. Players reporting the
presence of any injury (TL or non-TL) were required to record the location as per the Fuller et
al.2 football consensus statement. Illnesses were also recorded by the OSTRC Questionnaire
but were not included in the analysis for this study. All PDC’s, clubs and coaches were blinded
to self-report responses.
To facilitate compliance, the questionnaire reminder was emailed the day after each
weekly game and resent daily up until the first training session of the following week to any
players that had not yet completed the questionnaire. The primary investigator then sent each
PDC a list of players who had not yet completed the questionnaire and they were asked to
encourage players to complete the questionnaire online prior to the start of training.
3.3.4

Statistical Analysis

During analysis, PDC reported TL injuries were compared with self-reported questionnaire
responses. Weekly non-TL or self-reported “complaints” from players fully participating in
training were included in the analysis. Self-reports submitted by players engaged in modified
training or rehabilitation were excluded from the relative risk (RR) analysis, but retained within
prevalence calculations. In these cases, the player would be considered to be “injured” under
the TL injury definition as they have an “inability to fully participate in football training or
matches”,2 and the self-reported injury would relate to a pre-existing TL injury. Similarly, if a
PDC TL injury report was present in the absence of a player self-report in the preceding week,
the TL injury was excluded from the relative risk (RR) analysis but included in the overall
seasonal total for prevalence calculations.
The ‘normal’ risk of injury was determined by calculating the risk of a TL injury within
7 days of a self-report indicating “no physical complaints”. The RR of a TL injury occurring
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within 7 days of a non-TL ‘minor’ or ‘moderate’ complaint was calculated relative to the
‘normal’ injury risk. The risk of sustaining a TL injury at a specific location was also
determined relative to the specific location of the self-reported non-TL complaint. To account
for within-subject variance due to the repeated measures and potential unbalanced nature of the
data set (differences in number of survey responses by players), a generalized estimating
equation (GEE) analysis (SPSS v24, IBM, USA) was used to examine associations between
OSTRC questionnaire injury reports for each category and occurrence of time loss injury within
7-days. Specifically, a binary logistic regression model (link function) was used, including a
robust estimator with an autoregressive working correlations matrix and an independent model
category. The predictor variable was the OSTRC value for that week, which was coded as an
ordinal variable and included in the model as a Factor. That is, for the participation category,
full training with no health problems = 1, full training but with health problems = 2; reduced
participation due to health problems = 3; Cannot participate due to health problems = 4. ‘Full
training with no health problems’ was used as the reference category. The response/dependent
variable was the injury indicator represented ordinally (0 = no TL injury within 7 days/1 = TL
within 7 days), modelled as a Binary logistic. Exponential parameter estimates were included
to calculate odds ratio values to determine the relative effects of reporting a 2 or 3 (compared
to reporting a 1) on the OSTRC health questionnaire on the risk of sustaining a subsequent
time-loss injury (within 7 days). In the event of a missing questionnaire response, this week
was excluded from analysis regardless of whether or not a TL injury was recorded in the
following 7-day period. Where significance was observed, sub-category analysis with RR
(95% CI) were calculated and resultant p values used to calculate the likelihood of a harmful
effect statistic, accompanied by relevant probabilistic terms to describe the clinical inference
ranging from “most unlikely to be harmful <0.5%” to “most likely to be harmful >99.5%”.23
The predictive power of a non-TL complaint on the occurrence of a TL injury was examined
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using receiver operating characteristic (ROC) curves. The area under the curve (AUC) was
used to determine discriminatory power, with values < 0.5, > 0.7, and 1.0 considered as poor,
good, and perfect, respectively.24 Diagnostic accuracy and predictive power (95% CI) were
also determined via sensitivity and specificity analysis of minor and moderate complaint subcategories of the OSTRC Questionnaire.
OSTRC questionnaire response rates of 80% have previously been observed in athletic
groups.22, 25 To accurately assess the effects of minor and moderate injury reports, a sub-group
analysis of players with >80% response rates across the season was performed. Initially, the
results of the GEE, RR and predictive characteristics of the sub-group and entire cohort were
compared. In the event that both groups were statistically similar, an absence of bias was
assumed and further analysis of the sub-group performed to assess the frequency of injury and
reported weekly injury locations relative to PDC reports. Data are presented as absolute and
relative values. Weekly injury prevalence was determined by calculating the percentage of
injury reports relative to the total number of players participating that week.

3.4
3.4.1

Results
Relative Risk and Time-loss Injury Prediction

A total of 218 players (age: 24.1 ± 4.3 years; height: 177.1 ± 5.2 cm; weight: 74.9 ± 6.2 kg)
participated in the study. A total of 3430 questionnaires were completed over the 35-week
period (45% overall compliance, mean = 98 [95% CI – 88.1 to 110.2] completed questionnaires
each week). The risk of sustaining a TL injury within 7-days of self-reported “no health
problems” was 6%. OSTRC Questionnaire perceived minor and moderate effects on
participation, performance, volume and severity were each associated (P<0.05) with an
increased relative risk of TL injury within 7-days (Table 3.1). The power of a reported non-TL
injury to predict the incidence of a TL injury within 7-days was good across all OSTRC
categories (Table 3.1). Sensitivity, specificity and positive predictive power values are
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displayed in Table 3.2. A cohort of 73 (33%) players completed >80% of the weekly
questionnaires (mean = 28.5 [CI: 26.2 to 31.3] each week) to form the sub-group. In this subgroup of players, the risk of TL injury within 7-days of “no health problems” was 9%. The
associated injury risk and prediction results for the sub-group are also reported (Tables 3.1 and
3.2).
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TABLE 3.1. Associated injury risk and injury prediction using the OSTRC Questionnaire on Health Problems22 for time loss injury for entire cohort and sub-group.
Entire Cohort (n=218)
Association
Prediction
OSTRC Category
P level
Relative Risk (RR)*
Clinical Inference23
Area Under the Curve Ɨ
Participation
<0.0001
0.79 (CI: 0.76 to 0.82)
Full Participation with Problems
3.3 (CI: 2.0 to 5.8)
93.5% - likely harmful
0.75 (CI: 0.70 to 0.80)
Reduced Participation Due to Health
6.5 (CI: 3.7 to 8.9)
100% - most likely harmful
0.79 (CI: 0.74 to 0.84)
Problems
Performance
<0.0001
0.79 (CI: 0.75 to 0.83)
To a minor extent
4.0 (CI: 1.9 to 9.3)
93.1% - likely harmful
0.77 (CI: 0.72 to 0.83)
To a moderate extent
5.5 (CI: 3.2 to 9.4)
100% - most likely harmful
0.80 ( CI: 0.75 to 0.84)
Volume
<0.0001
0.77 (CI: 0.74 to 0.80)
To a minor extent
4.4 (CI: 1.9 to 5.7)
100% - very likely harmful
0.75 (CI: 0.71 to 0.79)
To a moderate extent
6.9 (CI: 3.2 to 10.1)
100% - very likely harmful
0.74 (CI: 0.70 to 0.78)
Severity
<0.0001
0.73 (CI: 0.69 to 0.76)
To a minor extent
4.7 (CI: 0.01 to 11.7)
63.4% - possibly harmful
0.69 (CI: 0.65 to 0.74)
To a moderate extent
4.8 (CI: 1.1 to 15.0)
99.2% - likely harmful
0.72 (CI: 0.67 to 0.76)
Sub Group** (n=73)
Participation
<0.0001
0.83 (CI: 0.80 to 0.86)
Full Participation with Problems
2.8 (CI: 1.01 to 7.8)
95.2% - likely harmful
0.79 (CI: 0.73 to 0.84)
Reduced Participation Due to Health
5.2 (CI: 2.7 to 9.9)
100% - most likely harmful
0.83 (CI: 0.78 to 0.88)
Problems
Performance
<0.0001
0.82 (CI: 0.79 to 0.85)
To a minor extent
3.2 (CI: 1.01 to 10.3)
94.6% - likely harmful
0.80 (CI: 0.76 to 0.84)
To a moderate extent
5.4 (CI: 2.78 to 10.4)
100% - most likely harmful
0.83 (CI: 0.79 to 0.87)
Volume
<0.0001
0.78 (CI: 0.75 to 0.82)
To a minor extent
3.5 (CI: 1.9 to 6.7)
99.9% - very likely harmful
0.75 (CI: 0.70 to 0.80)
To a moderate extent
5.9 (CI: 3.6 to 9.4)
100% - most likely harmful
0.72 (CI: 0.66 to 0.77)
Severity
<0.0001
0.78 (CI: 0.75 to 0.82)
To a minor extent
3.6 (CI: 0.01 to 10.7)
64.3% - possibly harmful
0.68 (CI: 0.62 to 0.75)
To a moderate extent
5.2 (CI: 1.82 to 15.0)
99.5% - very likely harmful
0.77 (CI: 0.73 to 0.81)
rd
*RR of a 3 party reported TL injury within 7-days of the non-TL injury report within each category (95% confidence intervals) **Sub-group inclusion determined by >80%
completion of OSTRC Questionnaire surveys during the season. Ɨ Area under the curve based on ROC curve analysis for each category for prediction of a time loss in 7-days
following a physical complaint (95 % confidence interval).
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TABLE 3.2. Diagnostic accuracy assessment for OSTRC Questionnaire on Health Problems 22 for each sub-category drawn from entire cohort and sub-group.
OSTRC Questionnaire
Category
Entire Cohort (n=218)
Participation
Full participation with problems
Reduced participation due to
health problems
Performance
To a minor extent
To a moderate extent
Volume
To a minor extent
To a moderate extent
Severity
To a minor extent
To a moderate extent
Sub-Group (n=73)
Participation
Full participation with problems
Reduced participation due to
health problems
Performance
To a minor extent
To a moderate extent
Volume
To a minor extent
To a moderate extent
Severity
To a minor extent
To a moderate extent

True
Positive
(n)

False
Positive
(n)

False
Negative
(n)

True
Negative
(n)

Sensitivity (%) with 95%
CI

Specificity (%) with 95%
CI

Positive Predictive Value
(%) with 95% CI

67

237

0

14

100.0 (100)

5.6 (2.2 to 7.1)

22.0 (19.4 to 24.8)

82

156

0

2

100.0 (100)

1.3 (0.2 to 3.1)

34.5 (31.6 to 39.3)

93
56

277
102

0
0

15
4

100.0 (100)
100.0 (100)

5.1 (2.8 to 7.3)
3.8 (2.1 to 7.9)

25.1 (21.9 to 30.0)
35.4 (30.3 to 40.9)

74
48

203
72

0
0

8
10

100.0 (100)
100.0 (100)

3.8 (1.9 to 4.9)
2.9 (1.8 to 4.1)

26.7 (21.2 to 31.9)
35.5 (30.2 to 41.8)

101
51

253
128

0
0

15
4

100.0 (100)
100.0 (100)

5.6 (2.1 to 7.3)
3.0 (1.1 to 5.1)

28.5 (23.7 to 31.5)
28.5 (25.9 to 30.2)

64
75

196
120

0
0

36
25

100.0 (100)
100.0 (100)

15.5 (10.9 to 20.2)
17.2 (11.1 to 23.4)

24.6 (19.4 to 29.8)
38.5 (31.6 to 45.3)

85
51

219
81

1
0

51
14

98.8 (96.6 to 100)
100.0 (100)

18.9 (14.2 to 23.6)
14.7 (7.6 to 21.9)

28.0 (22.9 to 33.0)
38.6 (30.3 to 46.9)

70
48

163
72

0
0

37
10

100.0 (100)
100.0 (100)

18.5 (13.1 to 23.9)
12.2 (5.1 to 19.2)

30.0 (24.2 to 35.9)
40.0 (31.2 to 48.8)

92
50

203
85

1
0

54
26

98.9 (96.8 to 100)
100.0 (100)

21.0 (16.0 to 26.0)
23.4 (15.5 to 31.3)

31.2 (25.9 to 36.5)
37.0 (28.9 to 45.2)
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3.4.2

Sub-group Relative Risk and Time-loss Injury Prediction

The magnitude of the increase in risk (RR) and predictive capacity for future TL injury were
similar for the sub-group and entire cohort (Table 3.2). The total number of reported “physical
complaints” was 2.3 times greater when comparing self-reported versus PDC methods (n=604
versus 265). Within the self-reports, non-TL injuries were 13.2 times (516 versus 39) higher,
however, TL injuries were 2.6 times lower (88 versus 226) when compared to PDC data (Table
3.3). The proportion and distribution of injuries were similar between methods, with 87%
(PDC) and 83% (self-reported) of all injuries affecting the lower limb. The most common
locations were the hamstring muscles (17% - PDC; 16% - self report) and knee (19% - PDC;
17% - self report; Table 3.3.3). Overall, 68% of all TL injuries were preceded by a non-TL
report, with 94% of knee and 90% of hamstring TL injuries preceded by a non-TL complaint
in the same location. The greatest risks were observed in the ankle and lower leg (RR=6.8 and
6.3, respectively; Table 3.3). As players were able to report multiple locations per survey, there
were more injury locations than injury reports recorded via the OSTRC Questionnaire (Table
3.3).
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TABLE 3.3. Sub-group time-loss injury reports and associated relative risk following a previous physical complaint. Data are presented according to location
using third party (Football Consensus) 2 and self-reporting method (OSTRC Questionnaire on Health Problems). 22
Football Consensus
OSTRC Participation Category
Injury Location
Time Loss – 3rd Party
Total – Self
Non-Time
Relative Risk (RR)*
Clinical Inference23
Factor – NonMethod
Report
Loss – Self
Time
Report
Loss/Time
Loss**
Head/face
Neck/cervical spine
Shoulder/clavicle
Sternum/ribs/upper back
Hand/finger/thumb
Wrist

6 (3)
2
3 (1)
3 (1)
4 (2)
1

4
11 (1)
18 (2)
27 (3)
16 (2)
0

2
11 (1)
14 (2)
23 (3)
15 (2)
0

-

Low back/sacrum/pelvis
11 (5)
76 (9)
69 (9)
1.9 (CI: 0.2 to 19.5)
64.8% - possibly harmful
6.3
Hip/groin
26 (12)
138 (16)
128 (17)
3.5 (CI: 2.4 to 5.2)
100% - most likely harmful
4.9
Thigh
64 (28)
189 (22)
163 (21)
5.2 (CI: 2.2 to 12.5)
99.8% - most likely harmful
2.5
Hamstring
39 (17)
136 (16)
116 (15)
4.7 (CI: 2.0 to 11.0)
99.7% - most likely harmful
3.0
Quadriceps
25 (11)
58 (7)
52 (7)
5.8 (CI: 1.4 to 24.9)
96.9% - most likely harmful
2.1
Knee
43 (19)
149 (17)
122 (16)
3.6 (CI: 2 to 6.1)
100% - most likely harmful
2.8
Lower leg/Achilles tendon
28 (12)
89 (10)
78 (10)
6.3 (CI: 0.1 to 375.8)
75.7% - likely harmful
2.8
Ankle
22 (10)
59 (7)
52 (7)
6.8 (CI: 0.1 to 376.0)
77.1% - likely harmful
2.4
Foot/toe
10 (4)
38 (4)
36 (5)
1.3 (CI: 1.1 to 1.5)
96.2% - very likely harmful
3.6
Total Injury Reports
226
604
516
2.3
Total Injury Locations
226
871
771
*RR - of a third party reported time loss injury occurring within 7 days following a self-reported non-time loss injury (determined on injuries with prevalence ≥5%;
95% confidence intervals. Normal risk = 10%) ** Factor = Total Non-time loss injury via OSTRC Questionnaire/Total Time Loss via Football Consensus (only
locations with >10 time loss injuries included). Values within brackets show percentage of total injury locations (below 1% not shown)
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3.4.3

Sub-group Weekly Injury Prevalence

Self-reports highlighted 33% (95% CI – 31.4% to 34.6%) of all players recorded an injury
(comprising TL and non-TL injuries) each week with non-TL complaints accounting for 28%
(95% CI - 26.4% to 29.6%) of all weekly injuries (Figure 3.1A). Combining self-reported nonTL and PDC recorded TL injury reports indicated that 49% (95% CI – 47.0% to 51.0%) of
players were affected by injury each week (Figure 3.1B).
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Figure 3.1. Prevalence of all injuries (dark grey) and non-TL only injuries (light grey) recorded by the
weekly self-reported injury OSTRC Questionnaire on Health Problems22 (A); and combining both injury
surveillance methods – Self-reported and Third Party (B).
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3.5

Discussion

To our knowledge, this is the first study to investigate the impact and prevalence of non-TL
injuries in semi-professional men’s football. Across the cohort of 218 players, the TL injury
risk within 7 days of a self-reported minor or moderate non-TL injury (complaint) affecting
performance, participation, volume or perceived severity was three to seven times greater
compared to the absence of any complaint. Uniquely, a non-TL report across all four categories
presented “good” injury prediction capacities of sustaining a TL injury within the subsequent
7-days. A comparison of PDC and self-reports in the compliant group indicated a total injury
prevalence more than two times higher within the self-reports. As similar injury risks and
predictive capacities were observed in compliant and non-compliant groups, to facilitate a
detailed analysis of the results, the discussion relates to the findings of the compliant sub-group
(n=73). Based on the findings in this study, both null hypotheses are rejected.
3.5.1

Importance of Non-Time Loss Injuries

In this study, most (85%) recorded OSTRC Questionnaire complaints were non-TL and did not
prevent participation. Our results thus highlight that including non-TL injuries substantially
increases the prevalence of “slight” (0-1 day TL) injuries (‘physical complaints’) in semiprofessional football.26 Previously, congested match fixtures have been associated with a third
of players reporting groin pain on a weekly basis.25 However, to our knowledge, our study is
the first prospective study in semi-professional football to be conducted over an entire season
and record all injury locations. Therefore, given the duration of the TL and non-TL injury
capture, our findings highlight a more comprehensive injury profile in semi-professional
football than previously reported.
Previously, the need to record non-TL injuries has been questioned due to concerns
over obtaining accurate and useful data.27 However, the results of the current study in semiprofessional football, show a non-TL physical complaint to be associated with a 2.8-5.9 fold
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increase in the risk of sustaining a TL injury risk within the subsequent 7 days. Determining
why this increased risk exists is likely to be multifactorial and dependent on the origin of the
player’s pain and physical discomfort.15, 28 The presence and perceived impairment (minor or
moderate) resulting from a complaint, is likely to reflect the presence of perceived pain.
Importantly, the risk of a TL injury within 7 days of a reported complaint increased with
elevated perception of “pain” severity. The presence of pain alters motor patterns and muscle
recruitment behavior,29 which may affect performance capacity and contribute to the more
serious injury risk we observed. Pain that leads to a “physical complaint” may originate from
a number of pathological issues30 and the high prevalence observed in this study reveals the
pain-related issues that players in semi-professional football experience on a weekly basis.
Issues associated with pain, long term medication use and the development of chronic pain
conditions in elite athletes15 have been identified, with the long term health of ex-professional
football players impacted by osteoarthritis-related pain.31 When interpreting our results it is,
however, important to consider that pain is often associated with sporting injury,32 may be
present in the absence of physiological or biomechanical pathology and can continue after
damaged tissue has healed.30 Furthermore, athletes are known to have a greater capacity to
perform and participate despite pain compared with non-athletes,33 and pain may be a byproduct of the normal process of a physiological overload stimulus and ensuing fatigue.34
Regardless of the pathology, mechanism or origin of pain, this study highlights that the
presence of a non-TL injury clearly increased the risk of a subsequent TL injury and suggests
that reporting non-TL injuries may be an important consideration for coaches, players, and
medical and performance staff in semi-professional football.
Our findings thus support research that suggests the complexity of injury should be
considered when describing the injury “problem” and the multifactorial aetiology of
incidence.5,

28

In this study, self-reports increased the detail of an injury occurrence and
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encapsulated symptom severity and provided insight into the physical state of a player
preceding a more severe injury resulting in TL. Therefore, our findings demonstrate a simple
method to enhance the first stage of the injury prevention cycle illustrated by van Mechelen.1
3.5.2

Another Tool in the Injury Reduction Box?

The complex and multifactorial nature of injury28 challenges practitioners and researchers to
search for tools that identify players at increased risk of injury, and to implement methods to
mitigate this risk.35 The results of this study suggest that the OSTRC Questionnaire may assist
in identifying high risk players in semi-professional football. Indeed, improving
communication between key stakeholders within a club can reduce injury incidence and sustain
player availability.36
Uniquely, the presence of a non-TL injury in this study displayed “good” predictive
power for future injury, suggesting that non-TL injuries or “complaints” can classify “high
risk” players who may require an injury risk reduction intervention.37 The strong associations
observed between non-TL reports preceding a TL injury in the same location (Table 3.3),
suggest it may also be possible to identify location specific injury risks. However, the current
research does not allow us to accurately determine whether the TL injury suffered was a direct
result of a worsening of an issue in the same location or related to a separate issue in a different
location. Notably, all OSTRC questions were associated with identifying at risk players to
similar degrees, suggesting that a single question could be equally effective. Reducing
questionnaire burden may also facilitate compliance. The positive predictive values of 24.6 to
40% (increasing as reported symptom severity increased) associated with the risk of injury was
substantially greater than the 1.8 to 3.8% workload-related risks observed in professional
football.38 However, whilst good at capturing players at increased risk (high sensitivity),
considering the presence of non-TL injury for the prediction of a TL injury resulted in a high
number of false positive results (low specificity). Considering non-TL injury reports in
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isolation to predict injury is not recommended; however, using the OSTRC Questionnaire as
an early identification tool to prevent minor injuries progressing to more significant ones, i.e.
a secondary prevention tool, may be beneficial. As such, a non-TL complaint may be
considered as a ‘flag’ to open player-coach/medical staff communication and assist in injury
risk reduction.
3.5.3

Football Consensus Method vs OSTRC Questionnaire on Health Problems

Despite the lower capture of TL injury data, 2.3 times more total physical complaints were
captured using the OSTRC Questionnaire, with a third of players reporting a physical
complaint of varying severity each week. Our findings thus suggest that the Football Consensus
method of injury surveillance underestimates the number of “slight” (0-1 day TL) injuries
sustained in semi-professional football and is consistent with previous research.25 This result
is likely a consequence of methods that rely on players reporting injuries to a medical staff
member.2 In professional sport, reporting medical complaints is perceived to be an issue,39 and
is likely exacerbated in semi-professional sport due to decreased medical access.26 The
increased prevalence of self-reported non-TL injuries observed in this study was thus a likely
consequence of providing the opportunity to report complaints indirectly.13
Despite the increased prevalence of non-TL injuries observed within self-reports
recorded, PDC’s in this study recorded >2.5 times the number of TL injuries compared with
self-reports. The consistent capture of this TL injury data is essential to determine severity
profiles and burden associated with injury8 and our results thus also highlight the importance
of third-party injury surveillance methods. There are a number of possible explanations for the
observed TL report discrepancy: (i) an injured player who did not attend at training that week
may have failed to complete the survey; (ii) players may have perceived TL injury disclosure
may affect their eligibility for selection40 and (iii) player and PDC definitions of time-loss may
have differed e.g. a player in modified training may perceive they have returned to play, yet
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the PDC worked under a definition of returning to full training.39 The third party method of TL
injury recording outlined in the football consensus2 thus better facilitates thorough TL injury
recording with a consistent injury definition and addresses the limitations associated with
questionnaire compliance. Overall, this study indicates that the recording method, self-reported
or third party, can have an impact on the results recorded. As such, a combination of both
methods may be necessary to ensure complete injury data capture.
3.5.4

Limitations

Despite the clear association between non-TL injuries and occurrence of a TL injury in this
study, a number of limitations should be acknowledged. The low compliance rate of players
(33%) completing the weekly survey in this study highlights a potential barrier for the use of
the OSTRC Questionnaire for both injury surveillance and as a potential risk identification tool.
This issue has also been observed in other athletes with survey compliance over 12 weeks
reported as 52% (24/46 players).13 Given the similarity of the results we observed between the
entire cohort and the sub-group, we do not believe that there is an issue in generalising our
results on a larger scale. However, methods to improve buy-in to self-reported player
monitoring methods are required.

Adopting smartphone technology may improve

compliance13, 25 and allow sessional or daily application of the survey.
The delivery design of the OSTRC Questionnaire presents a limitation to the use of the
questionnaire for injury “prediction” with multiple injury locations able to be recorded each
week. Whilst 90% of all TL hamstring injuries in this study were preceded by a non-TL
hamstring complaint, 33% of these preceding complaints included more than one location, and
it has been suggested that pain at locations distal to a TL injury site may impact on future injury
risk.6 As such, it is not possible to conclusively determine whether the subsequent TL
hamstring injury was always a progression of the reported non-TL hamstring injury, or was
related to the non-TL injury in a different location. To further evaluate the efficacy of using
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the OSTRC Questionnaire for injury prediction, more frequent application is necessary.
We also acknowledge that differences in: (i) coaching styles,41 (ii) previous injury
history and physical fitness levels35 and (iii) workloads preceding a TL injury38 were each
uncontrolled extraneous variables that may have impacted upon TL injury risk and non-TL
injury prevalence that were not considered in the analysis. Additionally, the translation of the
findings from this study to the professional setting may be limited. In the professional setting,
players are likely to be monitored more closely than in semi-professional football. However,
the results may suggest that the use of changes in pain reports commonly collected in daily
monitoring in the professional setting,42 may have potential in secondary injury prevention
strategies and requires further investigation. Finally, the treatment received by players for nonTL injuries or TL injuries was not monitored and it is possible that players may have had access
to differing medical provision. Furthermore, players who received treatment may have “selfreduced” their injury risk by addressing non-TL complaints.
There are limitations to a direct comparison between the two injury recording methods
used in this chapter. For example, a non-TL injury that results in a self-reported “reduced
participation” in training should be considered as a TL injury according to the football
consensus statement. In this cohort of sub-elite, semi-professional players, it is possible that
players may have self-reduced their involvement at training, for example, not completing all
running drills, but participated in all other activities. As they would have been on the training
field and “involved” they may have be classified as “fully participating” by the PDC if this
modification to training was not reported to them by the coach or player.

3.6

Conclusion

In this study, the OSTRC Questionnaire combined with Football Consensus third party
methods substantially improved injury surveillance, which may assist in injury risk reduction
program design. Weekly non-time loss physical complaints were high in semi-professional
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football with 49% of all players affected by a physical complaint of varying severity (TL or
non-TL) each week. TL injury risk was 3 to 6 times higher when preceded (<7days) by selfreported non-TL physical complaints that had minor and moderate impacts on participation,
performance, training volume or perceived severity. Importantly, the presence of a non-TL
injury had good injury prediction capacity for the incidence of a TL injury within the following
week.
The findings in this chapter further adds to the knowledge obtained in Chapter 2
regarding the injury profile in sub-elite football. Importantly, the findings in this chapter not
only provide a more comprehensive injury profile than that in Chapter 2 but also identifies a
potential secondary prevention measure to identify players at increased risk of injury in this
population. Given the high TL injury incidence observed in Chapter 2, the findings in this
chapter suggest that the inclusion of non-TL injury surveillance serves as a very useful tool in
sub-elite football.

3.7 Practical Implications
•

Different injury data collection methods result in different information being collected.
As such, the combination of third party and self-report injury reporting methods greatly
increases the capture of injury data in semi-professional football.

•

The presence of a non-TL injury is associated with an increased risk of a TL injury and
good predictive power relative to a future TL injury occurrence.

•

The OSTRC Questionnaire on Health Problems, in addition to improving injury
surveillance, is a useful tool for secondary injury prevention, as an early identification
tool to prevent minor injuries progressing to more significant ones.

•

The similar results observed across each of the four OSTRC Questionnaire categories
suggests that a single question may sufficiently identify high risk players, a strategy
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that might facilitate player compliance.
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Chapter 4 - How Can We Get Players To Do The 11+ Program? Stakeholder Perceptions on Injury, Prevention and Potential Solutions

4. 1

Preface

Chapters 2 and 3 of this thesis identify the injury profile and pattern in sub-elite football in
Australia as per Stages 1 and 2 of the TRIPP model. Based on the high injury incidence and
prevalence observed, we can confidently conclude injuries are problematic in sub-elite football
in Australia. Therefore, exploring strategies to improve the implementation of effective injury
prevention strategies, such as the 11+ program is important. Despite the acknowledged efficacy
of the 11+ program, adoption is poor20 with issues regarding program duration and potential
fatigue often reported. 23, 24 As per Stage 5 of the TRIPP model, knowledge of stakeholder
perceptions and barriers to adoption of IPPs is an important step. However, while barriers to
implementation of injury prevention programs have been explored in youth football,23, 26, 28 the
barriers to implementation of IPPs in sub-elite men’s football are not fully understood. It is
also important to engage with stakeholders to overcome barriers to implementation of IPPs,
however we are unaware of any research that has posed this question.

This chapter is an amended version of a manuscript under review: Whalan M, Lovell R, Siegler
JC, Marshall PW, Sampson JA. Improving 11+ Program Compliance – Stakeholder
Perceptions on Injury, Prevention and Delivery Science and Medicine in Football (submitted
for publication February, 2020).

The citations and references contained herein apply to this chapter only. The citations related
to the reference list within this section only and not to the reference list included at the end of
this thesis.
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Abstract
Objective: Despite its known effectiveness, compliance to the 11+ program is low. Identifying
strategies that are supported by stakeholders is important to overcome these barriers.
Methods: A survey was administered to coaches, players and physiotherapists at sub-elite
football clubs. The survey included questions regarding: injury risk factors; injury prevention
(IP) practices; beliefs regarding IP programs (IPPs) and the 11+ program specifically.
Results: 145 players, 35 coaches and 16 physiotherapists completed the survey. All
stakeholders considered IPPs important to reduce injuries and believed the 11+ program was
effective and easy to implement. However, the duration of IPP’s and stakeholder (coach and
player) buy-in were reported barriers to implementation with the ideal warm-up duration
reported as <20 minutes for all groups (coaches = 16.3 min; players = 17.7 min;
physiotherapists = 19.8 mins.

All stakeholders supported splitting an IPP into smaller

components to be performed at the start and end of training.
Conclusions: Stakeholders are supportive of IPPs and the 11+ program in sub-elite football.
However, buy-in and program duration appear to be primary barriers. Alternative delivery
modes that involve “splitting” the components of an IPP into its sub-components may remove
these barriers and present a viable alternative to enhance adherence.

91

Chapter 4

4.2

Introduction

Football is the number one participation sport with over 270 million worldwide participants1
and, as it is a contact, high intensity sport, carries an inherent risk of injury.2 Unfortunately, as
identified in Chapter 2, the incidence and burden of injury in sub-elite football is greater than
that of the elite cohort.3 Injury often results in discontinued sporting participation,4 can lead to
longer term disability5 and present substantial medical costs.6 In a sub-elite setting, injuries can
also impact on employment, resulting in a substantial economic cost to individuals and
employers.7, 8 As such, the implementation of an effective injury prevention program (IPP) in
sub-elite football is a priority.
The 11+ program, first released in 2006, was specifically designed as a surrogate warmup to overcome some of the barriers to IPP implementation in sub-elite football.9 However,
despite the 11+ program being successful in reducing injury incidence,10-12 larger scale “real
world” adoption has been poor, with few (~10%) national federations implementing the
program.13 Convincing key stakeholders to adopt prevention practices remains problematic in
both elite14 and sub-elite football,15 with a number of barriers, including: (i) a lack of support
from coaches and players; 13, 15, 16 (ii) the duration of the program16, 17 and (iii) reports of fatigue
and soreness caused by the exercises within the program16-19 previously identified. Current
knowledge of key stakeholder views has been derived from coaches and medical staff regarding
their practices and attitudes to IPPs.15, 16, 19 Yet, little is known about the players’ perception
towards IPPs and practices, an insight which may contribute to successful program
implementation.20
Furthermore, whilst implementation barriers in youth football are reported, 16, 19, 21 the
issues facing implementation of the 11+ program in a sub-elite adult cohort are unknown.
Herein, no research has posed possible solutions, or asked stakeholders for their opinions on
options to overcome identified barriers to IPP implementation. Proposing options to
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stakeholders that may address implementation issues, such as 11+ program duration,16, 17 will
provide greater insight into barriers to implementation and provide evidence for ways to
improve 11+ program adoption. Furthermore, investigating delivery method perceptions of
stakeholders, may provide further insight into issues regarding player and coach buy-in.13, 15,16
This study therefore investigated: (i) the injury and injury prevention perceptions; (ii) current
injury prevention practices and (iii) options to overcome barriers to the implementation of the
11+ program of coaches, players and physiotherapists involved in men’s sub-elite football. The
null hypotheses for this study were: (i) perceptions of injury and injury prevention practices
and (ii) barriers to implementation, would be not be different for all stakeholders.

4.3

Methods

Initial contact was made via email, with an anonymous web link to the survey disseminated to
the club secretaries of 24 Tier two and 12 Tier one football clubs in New South Wales, Australia
in the period between the end of the 2016 season and start of the 2017 seasons. The club
secretary was asked to distribute the survey web link to all senior coaches, players and
physiotherapist at the club. Questionnaire responses were anonymous and informed consent
was included on the first page. All procedures were approved by the University of
Wollongong’s Ethics Committee (reference number: 15/340).
4.3.1

Survey Design

The survey was developed following guidelines of the Reach Effectiveness Adoption
Implementation Maintenance (RE-AIM) framework.22 A mixture of closed and open questions
were used throughout the survey with multiple choice and 5-point Likert scale responses
required. The first section of the survey recorded descriptive data including role (coach, player
or physiotherapist), age, years of experience, level of participation/involvement (professional,
semi-professional or amateur), and coaching qualifications (where relevant). The second
section surveyed stakeholder perceptions regarding injury risk factors and perceptions
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regarding preventable injury types. Stakeholders were asked to rate the importance of 17
different football injury risk factors from “very important” to “not important”. The risk factors
selected were taken from previous survey-based research on risk factors in elite football. 23 The
third section documented current injury prevention practices and proposed potential solutions
to address established IPP implementation barriers.16-19 Solutions to address established IPP
implementation barriers included preferred methods of incorporating an IPP (defined in the
survey as strengthening, plyometrics and balance exercises) into a training session – “a 20-25
running and injury prevention program prior to training”; “a 20-25 minute running and injury
prevention program after training” or “a 10-15 minute running program prior to training and a
10-15 minute injury prevention program after training”. Stakeholders were also requested to
identify any injury prevention practices they implement for specific body locations. The fourth
section questioned stakeholder awareness of the 11+ program, and rated attitudes and beliefs
towards the program from “strongly agree” to “strongly disagree” amongst those who indicated
awareness. The final section (available to all stakeholders) queried barriers for IPP
implementation for players and then coaches.
Risk factor importance was calculated by allocating points on a Likert scale with a
final score accumulated across all responses.23 Risk factors perceived as “very important” were
awarded 3 points, “important” = 2 points, “somewhat important”=1 point, and “not
important”= 0.23 Only fully completed surveys were included in the analysis.
4.3.2

Statistical Analysis

The accumulated scores were ranked highest to lowest in order of importance. To determine
differences between stakeholder groups (coaches, players and physiotherapists), a KruskalWallis ANOVA was performed on risk factor importance scores and on ideal duration
(minutes) for a warm-up. A post-hoc Mann-Whitney U test was performed to determine the
source of any difference observed. Significance level was set at p<0.05 with results displayed
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as means and 95% confidence intervals.

4.4

Results

A total of 196 complete surveys were returned from 145 players (age: 23.9 ± 5.8 years), 35
coaches (age: 40.8 ± 13.1 years) and 16 physiotherapists (age: 33.3 ± 8.7 years). The majority
of players played at semi-professional (n=96) followed by amateur (n=49) level. Coaches were
split between semi-professional (n=19) and amateur (n=16) categories, n=10 held a FFA “B”,
n=11 a “C” Senior coaching license, n= 6 a FFA “A” Senior (n=6), n=4 a FFA “C” Youth and
n=4 and n=4 a standard Senior Coaching (n=4) qualifications. Mean years involved in football
at all levels was: players = 17.0 ± 5.6 years; coaches = 15.8 ± 14.1 years; and physiotherapists
= 9.1 ± 6.1 years.
4.4.1

Stakeholder Attitudes, Perceptions, Practices and Barriers Regarding Injury
Risk Factors and Prevention Strategies

An open question revealed ideal warm up durations of 16.3 mins (CI:14.7 to 18.0), 17.7 mins,
(CI: 16.8 to 18.6) and 19.8 mins (CI: 16.8 to 22.7) from coaches, players and physiotherapists,
respectively. Perceived stakeholder injury risk factors in sub-elite football are outlined in Table
4.1. Attitudes and perceptions of injury prevention practices are outlined in Table 4.2.
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TABLE 4.1. Perceived injury risk factors in sub-elite football.
Ranked Importance

Risk Factor

Players (n=145)
1
Inadequate warm-up prior to training or a game
2
Poor strength endurance (i.e. fatigue resistance)
3
Previous Injury
4
Fatigue throughout a season
Coaches (n=35)
1
Poor strength endurance (i.e. fatigue resistance)
2
Previous Injury
3
High training intensity and volume
4
Inadequate warm-up prior to training or a game
Physiotherapists (n=16)
1
Previous Injury
2
Game Scheduling (multiple games per week)
3
Inadequate warm-up prior to training or a game
4
Poor Strength Endurance (i.e. fatigue resistance)
*significant ranking order difference between stakeholder groups (p=0.002)
#significantly higher ranking order by physiotherapists compared to players and coaches (p=0.014)

Accumulated Points
Maximum = 435
373
365
363
348
Maximum = 105
96
95
89
88
Maximum = 42
42
39
38
38

Points/Participant
2.57
2.52
2.50*
2.40
2.74
2.71*
2.54
2.51
3.00*
2.79#
2.71
2.71
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TABLE 4.2. Stakeholders’ beliefs and attitudes to injury prevention practices.
Concept

Players (n=145)
%

Coaches (n=35)
%

Physiotherapists (n=16)
%

98

97

93

95

94

93

88

97

86

77

86

86

44

48

65

2. A 10-15 minute running warm-up prior to training and a
10-15 minute injury prevention program after training

50

46

35

3. A 20-25 minute program that includes a running
program & injury prevention program after training

4

0

0

4. None of the above are suitable

2

6

0

Belief on IPPs
1. Think IPP are important to reduce injuries
2. The team will be more successful with less injuries
3. Supportive of a 10-15 minute injury prevention
program including strengthening exercises 2x/week at
training
4. Supportive of a 10-15 minute running program including
jumping and bounding prior to training
Scheduling of an IPP – Which way is best to incorporate IPP
into a session?
1. A 20-25 minute program that includes a running
program & injury prevention program prior to training
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Current IP practices are contained in Table 4.3. All physiotherapists (n=16) and 83%
of coaches (n=29) and 38% (n=55) of players were aware of the 11+ program, with 35% of
physiotherapists (n=5), 69% of coaches (n=20) and 21% of players (n=12) currently
performing the program in their respective teams. Most considered the program: (i) effective
in reducing injuries in football (coaches = 79.3%; players = 60.8%; physiotherapists = 85.7%);
(ii) easy to implement (coaches = 75.8%; players = 77.3%; physiotherapists = 85.7%); (iii)
football specific (coaches = 96.5%; players = 75.6%; physiotherapists = 100%); (iv) reduced
injury incidence (coaches = 63.2%; players = 53.7%; physiotherapists = 64.3%); (v) suitable
(coaches = 68.9%; players = 53.7%; physiotherapists = 100%); (vi) necessary in adult male
sub-elite football (coaches = 72.4%; players = 59.3%; physiotherapists = 92.9%); and worthy
of recommendation (coaches = 69%; players = 57%; physiotherapists = 100%). Several barriers
were however identified (Table 4.4). A lack of knowledge regarding the 11+ program was also
demonstrated by the number of players who responded “unsure” to barriers associated with the
11+ program, or reported “neither agree nor disagree” (range = 22.2% to 55.6%) to questions
within the survey (Figure 4.1).
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TABLE 4.3. Location specific injury prevention practices from coaches, players and physiotherapists.
I don't do anything
specific for this area

Strength Training
(including gym based)

Balance/Proprioception

Player (n=145)
Hamstring
Groin/Adductor
Knee
Ankle
Calf
Quadriceps
Lower Back

%

%

%

"Core" or
Trunk
Exercises
%

Flexibility
(including
stretches)
%

Plyometric Exercises
(including bounding)

8
15
35
41
14
12
15

49
28
38
24
45
54
42

18
17
31
32
18
18
16

36
29
18
12
17
25
51

80
76
40
29
78
77
65

32
23
30
25
30
28
13

Coach (n=35)
Hamstring
Groin/Adductor
Knee
Ankle
Calf
Quadriceps
Lower Back

6
6
22
25
8
8
17

36
19
19
19
31
36
17

25
25
44
44
25
28
17

39
44
25
25
25
22
64

78
78
42
42
81
81
67

67
53
36
36
61
53
31

Physiotherapist (n=16)
Hamstring
Groin/Adductor
Knee
Ankle
Calf
Quadriceps
Lower Back

6
6
19
19
6
13
6

75
69
69
63
69
69
50

50
44
75
81
63
50
38

75
75
56
25
37
50
81

81
75
44
56
81
63
81

50
44
69
63
56
56
31

%
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TABLE 4.4. Perceived stakeholder barriers by key stakeholders to the implementation of injury prevention programs
Players (n=145)
%

Coaches (n=35)
%

Physiotherapists (n=16)
%

Players are not convinced that the exercises will prevent injuries
Players concerned about experiencing muscle soreness from exercises
Players concerned that some exercises may increase their risk of injury
Players are concerned that they will experience “heavy legs”(fatigue) during the match
Players are not interested in IPPs
Players are not educated about what injuries occur in football

58
28
20
41
60
45

63
17
20
20
63
77

75
19
6
44
50
44

Barriers For Coaches for IPP Implementation
Coaches not convinced that the exercises will prevent injuries
Coaches do not have enough time to run an IPP
Coaches do not have the knowledge or expertise to conduct an IPP
There is not enough space on the training field to conduct an IPP
The IPPs take too long to perform
The coaches believe that the players may experience fatigue after the IPP
Coaches are unaware of the common injuries in football

28
58
63
6
40
21
17

46
60
71
9
49
11
31

75
81
75
12
50
44
25

Barriers For Players for IPP Implementation
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Players Indecision Regarding the 11+
Would you recommend the FIFA11+
Causes too much muscle soreness
Causes too much fatigue to be a warm up
Not necessary in Lower League Football
Not suitable for adult male footballers
Not able to be implemented for an entire season
Lacking the use of a ball
Beneficial but needs modification
Lacking variation and progression
Too boring
Too long for a warm up
Football specific
Easy to implement
Effective in reducing injuries in football
0

10

20

30

40

50

60

% of respondants (n=55)
Figure 4.1. Percentage of players that recorded “Neither agree nor disagree” for statements regarding the 11+ program.
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4.5

Discussion

This study investigated perceived injury risk factors, attitudes, perceptions and IPP practices
of coaches, players and physiotherapists in men’s sub-elite football in Australia. The findings
highlight that coaches, players and physiotherapists have similar and consistent perceptions
and attitudes towards injury and IPP in sub-elite football, thereby rejecting the null hypothese.
All groups identified common risk factors, barriers to implementation of IPPs and a preferred
warm-up duration of less than 20 minutes. Uniquely, questions posed to determine
acceptability of alternative delivery modes, indicate support for options to split IPP components
across the start and end of training.
4.5.1

Injury risk factors

Whilst the order was different, coaches, players and physiotherapists all perceived “previous
injury”, “poor strength endurance (fatigue resistance)” and “inadequate warm-up” as three of
the top four most important injury risk factors (Table 4.1). Whilst previous injury is considered
non-modifiable, “fatigue” and “inadequate warm up” are modifiable in nature and may be
addressed to potentially reduce injury risk.24 “Previous injury” was ranked significantly
differently across stakeholder groups, with physiotherapists high ranking perhaps reflective of
their education and industry experience.23
Fatigue, a known injury risk factor15,

23, 25

and barrier to IPP compliance,19 was a

reported concern associated with exercises within the 11+ program in almost half of players in
the current study (40%) that were aware of the 11+ program. Such concerns are perhaps
warranted, with the Nordic Hamstring Exercise (NHE), performed in Part 2 of the 11+ program,
shown to result in reductions of up to 17% in eccentric hamstring torque.18 Additionally,
accumulated fatigue throughout a season was outlined as a concern for injury by players and is
likely associated with general concerns from stakeholders around high training intensities
(coaches) and game scheduling (physiotherapists). However, of the stakeholders that were
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aware of the 11+, none considered that the exercises in the 11+ program lead to soreness and
stakeholders did not think the exercises were efficacious in terms of reducing injury incidence.
4.5.2

Injury Prevention Program Perceptions and Practices

Team success is inversely related to injury incidence,26 and IPPs such as the 11+ program are
effective in reducing injury incidence in sub-elite football.10, 11 The evidence therefore supports
the views given by most coaches (98%), players (97%) and physiotherapists (93%), who each
considered IPPs to reduce injuries in football, and subsequently increase a team’s chances of
success (Table 4.2). Exercises that focused on increasing flexibility were the most commonly
used by all stakeholders, whereas the knee and ankle were associated with the highest
percentage of stakeholders reporting “not doing anything specific” for IP (Table 4.3). Of note,
over a third of players reported no knee or ankle IP practice, which is concerning given that
these are two of the most common injury locations identified in sub-elite3 and elite27 football.
Furthermore, despite the burden of muscle (in particular hamstring and groin) injuries in
football,3,

28

and evidence supporting strength-based interventions for muscle injury

prevention,10, 29-31 less than 50% of players reported any specific muscle strength exercises of
these muscle groups (Table 4.3). Such a lack of specific muscle strengthening exercise may,
to some extent, explain the high muscle injury incidence in sub-elite football. 3 Strength-based
exercises were, however, well supported as an important component of an IPP by
physiotherapists (Table 4.3). Interestingly the most commonly reported injury prevention
practice by all stakeholders in this study was stretching (Table 4.3) and whilst stretching is
often included in warm-up programs,32 there is limited evidence that stretching in a warm-up
reduces injury risk33 or improves performance.34
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4.5.3

The 11+ Program – Awareness and Barriers

All physiotherapists and, in contrast to previous research in elite and sub-elite youth football,16,
21

the vast majority of coaches in the current study were aware of the 11+ program. However,

less than 40% of the players in this study were aware of the 11+ program. Considering the high
degree of program awareness in coaches, it is possible that players have been exposed to
exercises contained within the 11+ program without knowing. It is also possible that
unbeknown to players, the exercises prescribed may have been modified by coaches and
physiotherapists.19 A lack of support from coaches and players has been previously identified
as a barrier to implementation of the 11+ program.9, 13, 15, 16, 22 Yet, our results show that all
three stakeholder groups consider the 11+ program effective and easy to implement.
Interestingly, coaches believed players, and reciprocally players believed coaches, were not
interested in IPPs, despite all stakeholders reporting that IPPs are important and effective.
In this study, the time taken to perform an IPP like the 11+ program was a reported
barrier to adoption. This is not a novel finding,16, 17, 21 with reported barriers of “coaches not
having enough time” and “IPPs taking too long to perform” two of the most common barriers
to implementation across all three stakeholder groups. Considering the known time barrier, we
also posed an open ended question to all stakeholders to identify their preferred warm up
duration, with all stakeholders reporting a preferred warm-up duration of less than 20 minutes.
These results indicate, despite its proven utility, 10 that the 11+ program is considered too long
for a warm-up.
4.5.4

Potential Solutions to the 11+ Program Adoption Problem

Despite the exercises in the 11+ program potentially improving “fatigue resistance” (a reported
injury risk factor), by increasing strength and stability,35 only half of coaches and players were
supportive of a 20-25 minute warm-up and there were concerns regarding fatigue resulting
from these exercises. Physiotherapists reported preference for performing IPPs prior to training
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(Table 4.2), a finding which may relate to their greater knowledge of the program (100%). Of
interest however, stakeholders were as supportive of 2 × shorter 10-15 minute IPPs delivery
periods split between the warm-up and cool down, as the traditional method of delivering the
11+ program as a warm-up. Such an approach may combat known barriers of duration16, 17 and
fatigue16-19 that were similarly identified concerns in the current study. Given the perceived
injury risk associated with an inadequate warm-up reported in this study and the known
effectiveness of warm-ups to reduce injury risk, 32 any manipulation of the 11+ program should
ensure that the effectiveness of the program as a warm-up is maintained. 36 Herein, performing
just Parts 1 and 3 (and this excluding Part 2: strength and plyometric exercises) of the 11+
program has been shown to increase muscle temperature and acute muscle function,37
suggesting that these two parts in combination do indeed offer an appropriate “warm up”.
Combining Part 1 and 3 would offer a warm-up duration of approximately 10 minutes, well
under the ideal times reported by all stakeholders which may address negative perceptions
regarding IPP duration. Integrating the strength and plyometric exercises within Part 2 of the
11+ program to the end of training may also make better use of this cool down period.38
Notably, the exercises within Part 2 include those known to result in fatigue,18 and as such,
fatigue accumulated prior to training is likely reduced, and perceptions of fatigue-related
concerns when performing all exercises prior to training removed. Importantly, moving
exercises contained in Part 2 to the end of training may also improve their effectiveness, 39, 40
and increase player compliance to the exercises.41
4.5.5

Limitations

Several limitations must be acknowledged when interpreting the results of this study. Firstly,
we acknowledge, that the stakeholders in the current study were adult sub-elite (semiprofessional and amateur) players, and as such the outcomes may not be generalisable to the
broader (Youth, Female and Elite) playing population. Nevertheless, it was our intention, as
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this population was the original target group for the development of the 11+ program, to
examine barriers and solutions to implementation within this specific population. The sample
size of the coaches and physiotherapists was much smaller than the player group. This was,
however, a consequence of a real-world setting with many more players registered compared
to other staff and as such our results may be representative of these groups. Although the
sample size of coaches was small the findings of our study were similar to larger scale
research15 and to those observed in the elite cohort.23 Due to the small sample and indifferent
size, we did not however have sufficient power to examine within group differences.
Additionally, delivering the survey via a web link meant that it was not possible to calculate
the response rate compared to the number of people that received the survey. As the link was
publicly available, stakeholders were free to share with colleagues and peers. Unfortunately,
this may have resulted in a reduced capacity to generalize the findings due to potential bias of
respondents.
Finally, the addition of other alternative delivery methods of the 11+ exercises would
also potentially provide further options for practitioners. For example, exploring spreading the
exercises throughout the session rather than at the beginning or end of training may further
increase stakeholder support.

4.6

Conclusion

This study adds further context to the attitudes, perceptions and behaviours of key stakeholders
in men’s sub-elite football. Interestingly, coaches, players and physiotherapists all support the
use of IPPs and believe they will be more successful with less injuries. Coach awareness of the
11+ program was high, yet players were predominantly unaware of the program. A lack of time
to implement an IPP in addition to a perceived lack of interest in IPPs were the main barrier
outlined in this research and are similar to those previously reported. Importantly, all
stakeholders are equally supportive of performing injury prevention exercises either before or
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after training.

4.7

Practical Implications
•

Coaches, player and physiotherapists had similar attitudes and perceptions of injury,
IPPs and barriers to implementation.

•

Support was evident from all stakeholders for a proposed alternative mode of IPP
delivery. As such proposing to split IPP delivery into shorter components delivered in
the warm-up and cool down periods of training may address identified barriers to 11+
program implementation.

•

A split delivery may remove time and fatigue barriers associated with the 11+ program
and perceived injury risk. As Part 2 contains the most fatiguing exercises, this
component is perhaps the most appropriate component to be delivered after training.

•

Education and 11+ program awareness targeting players may present an important
avenue to increase compliance given their apparent lower levels of knowledge, yet
strong beliefs regarding IPP effectiveness. Despite a perceived lack of interest between
stakeholder groups, all stakeholders consider IPPs to be important and effective in
reducing injuries. Based on these findings, further promotion and education strategies
should include stakeholder-specific awareness initiatives.
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Chapter 5 - Rescheduling Part 2 of the 11+ Program Reduces Injury
Burden and Increases Compliance in Sub-Elite Football

5.1

Preface

As outlined in Chapter 1, the TRIPP model allows for a methodological approach to develop
and evaluate the efficacy of an injury prevention program. Chapters 2 and 3 provide insight
into the injury profile in sub-elite football in Australia to ensure that any intervention addresses
issues identified within this population. Given the evidence, the 11+ program is a suitable
intervention to combat the most common injuries identified in these chapters.11 However,
despite the efficacy of the 11+ program, 11 low adoption and compliance may limit the success
of the program.16-18 Chapter 4 addressed Stage 5 of the TRIPP model, exploring and identifying
perceptions related to injury prevention programs in general and the 11+ program specifically.
Importantly, the outcomes of Chapter 4 indicate that a proposed method to overcome barriers
to the implementation of the 11+ program via the simple rescheduling of components of the
11+ program to the end of training were supported. As the study was conducted under “ideal
conditions” this study addresses Stage 4 of the TRIPP model, evaluating the efficacy of
rescheduling components of the 11+ program. The following chapter evaluates the effects of
rescheduling Parts 1 and 3 of the 11+ program at the beginning of training and Part 2 at the end
of training, on program efficacy, using injury surveillance methods employed in Chapter 2.
This chapter is an amended version of the published manuscript: Whalan M, Lovell R, Steele
JR, Sampson JA. Rescheduling Part 2 of the 11+ reduces injury burden and increases
compliance in semi-professional football Scand J Sci Med Sport 2019;29(12):1941-1951.
The citations and references contained herein apply to this chapter only. The citations related
to the reference list within this section only and not to the reference list included at the end of
this thesis.
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Abstract
Objectives: Although the 11+ program has been shown to reduce injuries in sub-elite football,
program compliance is typically poor, suggesting that strategies to optimise delivery are
necessary. This study investigated the effect of rescheduling Part 2 of the three-part 11+
program on the efficacy of the 11+ program.
Methods: Twenty-five semi-professional football clubs were randomly allocated to either a
Standard-11+ (n=398 players) or P2post group (n=408 players). Both groups performed the 11+
program at least twice a week throughout the 2017 football season. The Standard-11+ group
performed the entire 11+ program before training activities commenced, whereas the P2post
group performed Parts 1 and 3 of the 11+ program before and Part 2 after training. Injuries,
exposure and individual player 11+ dose were monitored throughout the season.
Results: No significant between group difference in injury incidence rate (P2post vs Standard11+ = 11.8 vs 12.3 injuries/1000 h) was observed. Severe time loss injuries >28 days (33 vs 58
injuries; p<0.002) and total days lost to injury (4303 vs 5815 days; p<0.001) were lower in the
P2post group. A higher 11+ program dose was observed in the P2post (29.1 doses; 95% CI 27.9–
30.1) versus Standard-11+ group (18.9 doses; 95% CI 17.6 –20.2; p<0.001).
Conclusions: In semi-professional football, rescheduling Part 2 of the 11+ program to the end
of training maintained the efficacy of the original 11+ program to reduce injury incidence.
Importantly, rescheduling Part 2 improved player compliance and reduced the number of
severe injuries and total injury burden thereby enhancing the efficacy of the 11+ program.
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5.2

Introduction

Football is a contact sport characterised by periods of high intensity activity, which carries an
inherent risk of injury.1-3 Whilst participation in football is associated with improved health,4
injury is often the reason players discontinue participating in the sport, leading to longer term
disability and substantial medical costs.5 The high injury incidence and burden observed in
sub-elite football6 suggests there is a need to develop injury prevention strategies. Importantly,
injury prevention strategies may not only help maintain long term player participation but also
reduce health costs associated with sporting injury,5 a finding that has been specifically
observed following implementation of the 11+ program in amateur football.7, 8
The 11+ program was developed and disseminated by Fédération Internationale de
Football Association (FIFA) to reduce football injuries. The program consists of three parts;
Parts 1 and 3 focus on running-based activity including dynamic actions and accelerations,
whereas Part 2 focuses on strengthening and neuromuscular control exercises. The 11+
program was designed to be delivered as a 20-25 minute “warm-up” before commencing other
training activities, without the need for specialised expertise or equipment. This is important
for sub-elite sports where resources are typically scarce with limited access to staff6, 9 and, as
a result, injury prevention programs are usually coach led.10 Previous research has shown that
injury rates can be reduced by 40% when players complete the 11+ program at least twice per
week,11 with higher program compliance and dose exposure associated with increased program
effectiveness.12 However, despite the proven effectiveness of the 11+ program, only 10% of
FIFA’s member associations have endorsed the program and several studies highlight low 11+
program compliance.13-15
Poor adoption and compliance rates of the 11+ program have been explained by: (i) the
time required to complete and boredom associated with the program,10, 16 (ii) fatigue and
soreness caused by exercises contained in Part 210,

15-17

and (iii) a lack of awareness and
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knowledge of how to perform the program.16, 18 These barriers are similar to those identified in
Chapter 4 with a lack of coach and player buy-in, program duration and concerns regarding
fatigue reported as key concerns for stakeholders working in men’s sub-elite football.
Furthermore, given the importance of strengthening exercises in reducing injury risk,19 it is
concerning that research has shown that the strengthening exercises performed in Part 2 of the
11+ program, are often modified or not performed.15 Potential fatigue caused by the exercises
in Part 2 may contribute to why compliance to the full 11+ program is poor,15 with fatigue
considered by practitioners to be a primary injury risk factor in football.20, 21 Interestingly, it
has been found that performing an exercise in Part 2, the Nordic Hamstring Exercise (NHE),
prior to football activity exacerbates eccentric hamstring fatigue,22, 23 although administering
these exercises after training did not affect the exercise stimulus. Furthermore, rescheduling
the NHE to the end of training not only maintained the efficacy of the NHE in terms of
improving eccentric hamstring strength24 and reducing hamstring muscle injury incidence,22
but was also associated with enhanced compliance to the intervention.24, 25 These findings from
one exercise, in addition to the conclusion from Chapter 4, suggest rescheduling Part 2 of the
11+ program after training as a practical alternative to address identified barriers to
implementation, such as program duration, exercise difficulty/fatigue and boredom.
Exploring ways to ensure that all three components of the 11+ program (Part 1, 2 and
3) are performed, including the strengthening exercises in Part 2, could therefore improve the
efficacy of the program, although research is required to confirm or refute this notion.
Therefore, the aim of this study was to determine whether rescheduling the 11+ program, such
that Parts 1 and 3 are performed at the beginning, and Part 2 at the end of training, improved
the efficacy of the 11+ program, compared to the standard 11+ program performed in its
entirety at the beginning of training. The null hypothesises that rescheduling Part 2 of the 11+
program to the end of training would have no effect on: (i) injury incidence, (ii) injury severity
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profile and (iii) compliance to the 11+ program, in sub-elite football was posed. A secondary
aim is to assess the impact of the implementation of the 11+ program comparing injury data
from 2016 to 2017. The null hypotheses for this secondary aim is that performing the 11+
program would: (i) not reduce injury incidence in sub-elite football and (ii) have no effect on
the injury severity profile in sub-elite football.

5.3
5.3.1

Methods
Participant Recruitment

Twenty-five sub-elite football clubs, each comprising 2-3 teams, volunteered to participate in
the study during the 2017 season. The clubs consisted of 4 Tier 2 (National Premier League)
and 21 Tier 3 (Regional League) clubs in which all players received payment to play. Club and
player recruitment and engagement was performed according to the Sports Setting Matrix,26
which was developed to help identify key stakeholders and “levels” of engagement required
for successful implementation of an injury prevention program.26 In this study, this involved
gaining approval from the National and State Federations, engaging with regional associations
and presenting to club officials, coaching staff and players about the study. Before data
collection, all players provided signed informed consent. All procedures were approved by the
University of Wollongong Human Research Ethics Committee (15/340).
Clubs were randomly allocated to either: (i) a Standard-11+ or (ii) a P2post group. Both
groups were instructed to complete the full 11+ program a minimum of twice per week at
training, and Parts 1 and 3 before matches (Figure 5.1). The Standard-11+ group performed all
three parts of the 11+ program at the start of training as a warm-up, whereas the P2post group
were instructed to perform Parts 1 and 3 at the start of training as a warm-up, and Part 2 of the
11+ program at the end of training during the cool down period. Coaches and players were
permitted to include additional exercises, including those involving a ball, into the warm-up
and cool down once the 11+ exercises were completed. Sample size calculation was based on
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the frequency of injury in football being ~1.8 injuries per player per season.27 Therefore a total
of 652 injuries must be recorded to determine small effects with 95% confidence (p<0.05) and
a sample of 362 players per group was required (G-Power).
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Figure 5.1. Consolidated Standards of Reporting Trials (CONSORT) diagram of the flow of participants in the study.
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5.3.2

Training to Implement the 11+ Program

Before implementing the 11+ program, the chief investigator (MW) presented information to
coaches, club officials and medical staff about: (i) the rate and burden of injury in sub-elite
football, (ii) the 11+ program and its effectiveness, (iii) barriers affecting uptake of the 11+
program, (iv) coach education regarding the importance of their role in 11+ program adoption,8,
28

(v) when to progress the 11+ exercises and (vi) the role of the Primary Data Collector (PDC)

in program delivery. Coaches and medical staff were also shown videos of all exercises in the
11+ program, given explanations for the purpose and required technique for each exercise in
the program, instructed on the process and criteria for stage progress in Part 2 and informed of
the positive impact coach delivery has upon the efficacy of the program.29 The 11+ program
instructions allow players to progress through the three stages of Part 2 as they felt comfortable,
on the grounds that the coach and/or PDC were satisfied with their exercise technique.
However, we applied progression restrictions in accordance with previous research,30 whereby
players remained at Level 1 of Part 2 for a minimum of 2 weeks initially, and progressed to
Level 3 after a minimum of 6 weeks. In the event a player missed a week of training due to
injury, they were required to return to a lower level of Part 2 for a minimum of 1 week. At the
information sessions for club officials and coaches, it was made clear that the PDC would be
trained in implementing the 11+ program and would attend training sessions to coordinate the
program. Coaches were not required to deliver the program, but were encouraged to support
its implementation. Paper and digital copies of the 11+ program poster and field set up cards
were also provided (Appendix 4).
5.3.3

Program Compliance & Injury Data Collection

To determine the efficacy of rescheduling Part 2 of the 11+ program, individual player
exposure to the 11+ program was monitored. Given the cluster randomised controlled
experimental design adopted, in which players were instructed to complete a specific set of
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exercises, the term “compliance” was used to assess player dose exposure and was used as a
continuous predictor for analysis.31 A player was deemed to have performed the 11+ program
only when they completed all components of the program during that session. Data pertaining
to program compliance and player injuries for each participating team were collected by an
allocated onsite primary data collector (PDC), a qualified sports trainer, who attended all
training sessions and matches.32, 33 All PDCs completed at least 6 hours of training including,
how to record program compliance, injury and exposure data recording, injury definitions and
details regarding the correct delivery of the 11+ program (see Appendix 1 and 2 for operational
definitions and injury recording sheet, respectively).6 Training included scenario-based
examples and the primary researcher (MW) was in weekly contact with PDCs during the season
to review data collected. As per the methods employed in Chapter 2, a time loss injury was
defined as an “injury that results in a player being unable to fully participate in matches or
training.”32 Players were deemed to have recovered from injury once they had returned to full
training/match participation or were considered eligible for team selection.32 Injury records
were obtained during all training sessions (2-3 per week) and matches, including preseason, inseason and finals (28-34 weeks).
The primary outcome variables for this study included program compliance,
represented by the total 11+ dose per player, and the efficacy of the program to reduce injury.
Program efficacy was represented by: injury count (total number of injuries), injury severity,
injury incidence (total number of injuries/total football exposure (h) × 1000 h), the number of
days lost to injury, and injury type, locations and mechanisms. Injury burden was then
calculated (injury incidence × mean absence (days) per injury).34
5.3.4

Statistical Analysis

To account for the potential club cluster effect on outcomes, a Generalised Estimated Equation
(GEE) was performed with Poisson distribution used to assess between group differences in
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injury count, injury severity and days lost to injury, with participant group, 11+ dose and total
soccer exposure (h) entered as predictor variables. A second GEE was performed to determine
significant differences between the two groups (Standard-11+ and P2post) for 11+ dose exposure
with participant group and exposure imputed as predictor variables. A Mann-Whitney U test
was used to assess differences between 11+ doses for each group (SPSS v25, IBM, USA).
Injury incidence rate (IIR) ratios (±95% confidence intervals [CI]) were calculated to
compare injury locations and types between the groups. In addition, IIRs were also determined
for a subset of players (Standard-11+, n=185 and P2post, n=226) who participated in a previous
surveillance season (2016; Chapter 2), in which no club implemented the 11+ program or any
other known injury prevention program.6 Therefore, the data collected in 2016, which was
conducted by the same research team and collection procedures, served as baseline, preintervention data pertaining to injury incidence. All IIR ratio analysis was performed via
Hopkin’s ‘compare and combine’ analysis to determine clinical inference ranging from “most
unlikely to be beneficial <0.5%” to “most likely to be beneficial >99.5%”.35

5.4

Results

A total of 806 male players consented to participate in this study with 398 players in the
Standard-11+ group and 408 players in P2post (Table 5.1). Player football exposure, compliance
and injury incidence and severity for participants in the Standard-11+ and P2post groups are
presented in Table 5.1. A total of 657 time-loss injuries were recorded during 54604 hours of
football exposure (training and matches combined) across both groups. A similar number of
time loss injuries were observed in both groups. However, significantly higher 11+ dose, a
lower number of severe injuries and correspondingly lower total number of days lost to injury
were observed in the P2post group compared to the Standard-11+ group (Table 5.1).
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TABLE 5.1. Player exposure, compliance, injury count and severity for participants in the Standard-11+ and P2post group.
Variable

Standard-11+ Group
(n = 398)

P2post Group
(n = 408)

Player Characteristics & Positions

(mean [95% CI])

(mean [95% CI])

Age (years)

24.8 [24.0,25.6]

23.8 [23.0,24.7]

0.218

Height (cm)

176.9 [176.2,177.6]

178.3 [177.5,179.1]

0.061

Weight (Kg)

79.3 [78.9,79.7]

78.3 [77.9,78.7]

0.120

Goalkeepers (%)

10.1

9.9

Defenders (%)

32.2

32.3

Midfielders (%)

32.7

31.2

Strikers (%)

25.0

26.6

(mean [95% CI])

(mean [95% CI])

Total football exposure (h)

26062.1

28541.4

0.972

Total training sessions (n)

51.6 [50.3,52.9]

49.7 [48.6, 50.9]

0.721

Total 11+ player doses (n)

7625

11871

0.004*

Total 11+ player dose (sessions)

18.9 [17.6, 20.2]

29.1 [27.9, 30.1]

<0.001*

11+ player dose/training Session (%)

32.7 [31.1, 34.3]

57.7 [56.2, 59.2]

-

11+ Player dose/Exposure (h)

0.27 [0.26, 0.28]

0.42 [0.41, 0.43]

-

Injury Count

n (% total)

n (% total)

Total Injuries (n)

320 (48.7)

337 (51.3)

0.825

5815*

4303*

0.026*

n (% total)

n (% total)

Minimal: 1-3 days lost

60 (19)

95 (28)

0.335

Mild: 4-7 days lost

93 (29)

104 (31)

0.832

Moderate: 8-28 days lost

108 (34)

105 (31)

0.881

Severe: >28 days lost

59 (18)

33 (10)

0.012*

Player Exposure & Compliance

Days Lost to Injury (n)
Injury Severity

P value

* indicates a significant difference between the Standard-11+ and P2post groups
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The injury location differed between participant groups, with a significantly lower
incidence of ankle and recurrent injuries in the P2post group, whereas the incidence of
quadriceps muscle and contusion injury was lower in the Standard-11+ group (Table 5.2). Total
injury burden was also lower in the P2post group, with lower time lost (days) associated with
non-contact, recurrent and hamstring muscle injuries compared to the Standard-11+ group
(Table 5.3 and 5.4). There was also a significantly lower incidence of non-contact ankle injury
injuries in the P2post (Table 5.4).
Comparing the subset of the current data (Total combined IIR = 12.5 injuries/1000 h;
Standard-11+ IIR = 12.3 injuries/1000 h, total injuries = 206; P2post group IIR = 12.9
injuries/1000 h, total injuries = 171) to the 2016 baseline injury incidence data (IIR = 19.9
injuries/1000 h, total injuries = 558)6 showed that both the Standard-11+ and P2post groups
displayed reduced injury rates of 38% and 40%, respectively, compared to the 2016 injury
incidence (IRR=0.61; 95% CI – 0.48–0.68; clinical inference– very likely beneficial; 99.3%).
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TABLE 5.2. Injury pattern, incidence rate and rate ratios for participants in the Standard-11+ and P2post groups.
Standard-11+ Group
No. of Injuries

IR per 1000 h
[95% CI]

P2post Group
No. of Injuries

IR per 1000 h
[95% CI]

IRR
[95% CI] Ɨ

P value
(No. of Injuries)

Clinical Inference
- IRR ƗƗ

Injury location
Thigh

68

2.6 [2.4,2.7]

79

2.8 [2.5, 3.0]

1.1 [0.8, 1.5]

0.806

Unclear

Hamstrings

51

2.0 [1.8,2.2]

45

1.6 [1.3,1.8]

0.8 [0.5, 1.2]

0.370

Possibly beneficial

Quadriceps

17

0.7 [0.5,0.9]

34

1.2 [0.9,1.4]

1.8 [1.0, 3.7]

0.098

Possibly harmful

Knee

59

2.3 [2.1,2.5]

60

2.1 [1.9, 2.4]

0.9 [0.7, 1.3]

0.857

Likely trivial effect

Ankle

55

2.1 [1.9,2.4]

39

1.4 [1.1,1.6]

0.7 [0.4, 0.9]

0.132

Possibly beneficial

Hip/groin

41

1.6 [1.4,1.7]

50

1.8 [1.6,2.1]

1.1 [0.7, 1.7]

0.618

Likely trivial effect

Lower leg/Achilles
tendon
Injury type

40

1.5 [1.1,1.9]

47

1.6 [1.1,2.1]

1.1 [0.7, 1.6]

0.745

Possibly trivial effect

Muscle injury/strain

135

5.2 [4.7,5.4]

139

4.9 [4.4,5.3]

0.9 [0.7, 1.2]

0.882

Very likely trivial

Sprain/ligament injury

85

3.3 [3.0,3.7]

77

2.7 [2.5,3.0]

0.8 [0.6 to 1.1]

0.812

Possibly beneficial

Haematoma/contusion

38

1.5 [1.2,1.8]

64

2.2 [1.9,2.5]

1.5 [1.0 to 2.3]

0.116

Likely harmful

Fracture

13

0.5 [0.2,0.8]

10

0.4 [0.2,0.9]

0.7 [0.3, 1.6]

0.832

Unclear

Other bone injury

10

0.4 [0.1,0.9]

9

0.3 [0.1,0.6]

1.0 [0.4, 2.5]

0.891

Unclear

Meniscus/cartilage

10

0.4 [0.1,0.8]

7

0.2 [0.08,0.5]

0.6 [0.2, 1.7]

0.765

Unclear

Tendon injury

9

0.3 [0.1,0.7]

12

0.4 [0.1,0.8]

1.2 [0.5, 2.9]

0.832

Unclear

Non-contact

189

7.3 [7.0,7.5]

177

6.2 [5.8,6.6]

0.9 [0.7, 1.1]

0.367

Possibly beneficial

Contact

132

5.1 [4.7,5.5]

161

5.6 [5.2,5.9]

1.1 [0.9, 1.4]

0.332

Very likely trivial

Recurrent

67

2.6 [2.1,2.9]

48

1.7 [1.4,2.1]

0.7 [0.5, 0.9]

0.242

Likely beneficial

Total injuries

320

12.3 [10.4, 14.1]

337

11.8 [10.1, 13.9]

1.0 [0.8 to 1.1]

0.579

Likely trivial

Injury mechanism

Ɨ IRR – incidence rate ratio for injury incidence (P2post group: Standard-11+ group), ƗƗ clinical inference of P2post is more beneficial/harmful than the Standard-11+ determined from IRR via
Hopkins ‘combine and compare’ analysis.35
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TABLE 5.3. Injury burden and days lost to injury for participants in Standard-11+ and P2post groups.
Standard-11+ group

P2post group

Days Lost per 1000 h

Total Days Lost

Days Lost per 1000 h

Total Days Lost

P value
(Total
Days Lost)

45.7

1133

28.5

843

0.058

Hamstrings

39.3

1001

19.6

559

0.006*

Quadriceps

6.2

162

8.9

254

0.464

Knee

60.7

1622

41.7

1190

0.203

Ankle

30.4

797

17.2

490

0.300

Hip/groin

20.8

535

19.2

547

0.867

Lower leg/Achilles tendon

26.4

697

13.6

371

0.127

Muscle injury/strain

75.6

1970

48.7

1390

0.080

Sprain/ligament injury

66.0

1720

53.9

1538

0.121

Haematoma/contusion

11.1

290

13.6

385

0.277

Fracture

26.2

682

15.8

450

0.812

Other bone injury

5.8

151

3.4

96

0.572

Meniscus/cartilage

7.1

185

5.1

146

0.652

Tendon injury

12.6

329

4.9

140

0.865

Non-contact

128.3

3377

72.5

2099

0.010*

Contact

94.9

2472

78.2

2166

0.564

Recurrent

55.4

1445

18.2

519

0.009*

Total

223.1

5815

150.8

4303

0.026*

Injury location
Thigh

Injury type

Injury mechanism

* statistically significant difference between the Standard-11+ and P2post groups.
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TABLE 5.4. Musclea and ligament injury pattern, incidence and burden for participants in the Standard-11+ and P2post groups.
Standard 11+ group

P2post group

No. of
Injuries

IR per 1000 h
[95% CI]

Days Lost
per 1000
h

Total Days
Lost

No. of
Injuries

IR per 1000 h
[95% CI]

Days Lost
per 1000 h

Total Days
Lost

IRR Ɨ
[95% CI]

Clinical Inference ƗƗ
- IRR

P value
(No.
Injuries)

P value
(Total Days
Lost)

56

2.3 [1.7,2.7]

22.1

1092

56

1.8 [1.4,2.2]

20.1

672

0.8 [0.5, 1.1]

Possibly beneficial

0.395

0.010*

Hamstrings

49

1.9 [1.3,2.5]

35.8

937

44

1.4 [1.0,2.0]

17.0

552

0.7 [0.5, 1.1]

Possibly beneficial

0.285

0.005*

Quadriceps

10

0.4 [0.1,0.9]

4.6

121

11

0.4 [0.1,1.1]

3.2

116

1.0 [0.4, 2.4]

Unclear

0.999

0.580

Hip/groin

34

1.2 [0.7,1.9]

15.3

456

38

1.3 [0.9,1.8]

13.6

404

1.1 [0.7, 1.8]

Possibly trivial

0.678

0.882

Lower leg

27

1.0 [0.6,1.5]

11.0

286

23

0.8 [0.4,1.4]

5.2

151

0.8 [0.4, 1.5]

Unclear

0.556

0.231

Ankle

45

1.7 [1.1,2.5]

25.3

659

31

1.1 [0.7, 1.7]

15.5

441

0.6 [0.3, 0.9]

Likely beneficial

0.131

0.449

Anterior Cruciate
Ligament Rupture

8

0.15 [0.01, 0.4]

22.3

3

0.06 [0.01, 0.2]

9.1

Unclear

0.238

0.237

Non-contact muscle
Thigh

Non-contact
Ligament

1280

474

0.4 [0.1, 0.6]

a Muscle

injuries only included structural and functional injuries (i.e. muscle injuries excluded contusions, haematoma and tendon related injuries).
*statistically significant difference between the Standard-11+ and P2post groups, Ɨ IRR – incidence rate ratio for injury incidence (P2post group: Standard-11+ group) ƗƗ clinical
inference determined from IRR via Hopkins ‘combine and compare’ analysis.35
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5.5

Discussion

This is the first study to evaluate whether manipulating delivery of the 11+ program can
enhance program efficacy and compliance. Simply rescheduling, such that Parts 1 and 3 are
performed at the beginning and Part 2 of the 11+ program at the end of training, reduced the
severity and burden associated with the most common injuries observed in football, whilst
increasing individual player 11+ dose. Based on the findings in this study all null hypotheses
are rejected. The specific effects of rescheduling the 11+ program are discussed below.
5.5.1

Effect on 11+ Program Efficacy

Irrespective of how the 11+ program was scheduled, the injury incidence rate was reduced
(Standard-11+ = 38% reduction; P2post = 40% reduction compared with 2016 [Chapter 2]
baseline) in this study. These reductions were consistent with previous research,6, 11 and our
results show that the 11+ program is equally as effective in reducing injury incidence in
football, whether performing all three parts collectively at the start of training or with Part 2
rescheduled until the end of training. There were, however, significantly lower total number of
severe injuries and days lost to injury observed in the P2post group in this study. Players in the
P2post group performed the 11+ program more frequently than the Standard-11+ group, which
may have resulted in greater physiological adaptions to the 11+ program in the P2post group.
The 11+ program has been shown to result in both acute and chronic performance benefits,
including speed and agility, in addition to potential injury reduction effects, such as improving
strength, balance, muscle activity and core stability.30, 36, 37 It is therefore plausible that the
benefits observed in the P2post group are related to a dose effect, rather than any physiological
changes in response to the scheduling of exercises.
Performing the exercises contained in Part 2 of the 11+ program before training is the
source of most concern for practitioners and is the most modified component of the 11+
program.15 As such, investigating methods to improve compliance and efficacy of exercises in
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Part 2 of the 11+ program such as the Nordic Hamstring Exercise (NHE), which is known to
reduce the risk of hamstring injuries,38 is important for improving adoption.39 Previous research
has suggested that the scheduling of the NHE has no impact upon chronic strength gains, albeit
the muscle architectural mechanism seems to differ.24 In the current study, however, the
incidence of hamstring injury was similar in the Standard-11+ and P2post groups, and
collectively 50% lower than our previous research,6 suggesting that scheduling of the NHE
does not impact efficacy. Performing NHEs prior to training can, however, transiently reduce
eccentric hamstring strength, which can in turn increase injury risk.22 This can contribute to
negative perceptions of the 11+ program because fatigue and soreness from the NHE are a
reported barrier to 11+ program adoption.10, 16, 17 Performing NHEs at the start of training in
the Standard-11+ group did not increase training-related hamstring injury risk with most
hamstring injuries occurring during matches. Interestingly, however, a significantly lower time
lost, and subsequently severity, of hamstring injury was observed in the P2post group. This
finding was in contrast to previous research in which the inclusion of the NHE was not
associated with a reduction in hamstring injury severity.25 Considering our finding and research
that has shown hamstring eccentric strength decreases as a match progresses,40 performing the
NHE, as a component of a larger injury prevention program, after training might be an effective
strategy for reducing hamstring injury incidence and burden.
A significantly lower incidence of ankle injuries was also observed in the P2post group
relative to their Standard-11+ counterparts. Ankle sprains most commonly occur in the later
stages of matches,41 with ankle function changing under fatigue.42 Exercises that focus on
improving balance have been shown to more effective when performed after football training,43
and therefore suggests that performing the ankle stability exercises in Part 244 at the end of
training, in addition to the higher dose exposure, are likely to have improved the efficacy of
this component of the 11+ program. However, the P2post group incurred a significantly higher
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quadriceps injury incidence compared to the Standard-11+ group. The higher quadriceps injury
incidence was a consequence of a significantly higher number of anterior thigh contusion
injuries incurred by the P2post (23 versus 7 injuries), whereas non-contact quadriceps muscle
strains were similar between groups. The 11+ program is designed to reduce non-contact
injuries.45 Therefore, the higher quadriceps injury incidence in the P2post group is unlikely the
result of the program rescheduling.
Recurrent injuries are problematic in sub-elite football with inadequate recovery, poor
physical conditioning on return to play and a lack of access to medical care believed to
contribute to the high incidence rate.6, 9, 46 Interestingly, recurrent injury incidence and time lost
to recurrent injury was significantly lower in the P2post group compared to the Standard-11+,
and both groups had lower injury incidence when compared to the 2016 cohort.6 Previously
research has shown that increased compliance to strength programs is associated with reduced
injury incidence.12, 19 Our results additionally suggest that rescheduling the exercises in Part 2
so that they are performed more regularly, reduces ankle injury incidence, hamstring injury
severity and injury recurrence. We speculate that by significantly reducing the number of
severe injuries and reducing time lost to injury, players in the P2post group returned to training
earlier, increased their exposure to the 11+ program as well as to football training and, in turn,
reduced the injury risk caused by de-training for the most common injuries in football.6, 27, 30,
46, 48

To our knowledge, this study is the first to analyse the injury burden associated with
the 11+ program, allowing for an examination beyond injury incidence.34 A 33% lower injury
burden was observed in the P2post group compared with both the Standard-11+ group and to
the 2016 baseline,6 with the greatest burden reductions associated with the most common
injuries (ankle sprains, hamstring and calf muscle strains) in football.6, 34 Lower time lost for
hamstring, quadriceps and calf injuries and lower injury incidence for ankle sprains account
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for the lower injury burden observed in the P2post group compared with the Standard-11+ group.
Interestingly, the Standard-11+ showed a reduction in injury burden compared to the 2016
baseline,6 which is likely to be the result of a significantly higher number of severe injuries in
the baseline season. Additionally, injury burden associated with anterior cruciate ligament
rupture (ACLR) in the P2post group was lower compared to both the Standard 11+ group and
2016 data,6 with ACLR incidence 2.5 times lower in the P2post compared to the Standard-11+
group, and half that of 2016 baseline.6 Furthermore, it is noteworthy that six of the eight ACLR
in the Standard-11+ group were non-contact injuries, whilst all ACLR in the P2post group
involved contact with another player. Previous 11+ program research found a similar dose
related effect to ACLR incidence48 and our findings present encouraging data that may help
reduce non-contact ACLR in sub-elite football.
5.5.2

The Potential Role of Rescheduling on 11+ Program Compliance

The findings in Chapter 4 indicated that coaches and players were equally supportive of
performing IPP at the start or the end of training. Interestingly, in this study, rescheduling Part
2 of the 11+ program to the end of training significantly increased program compliance with a
20% higher number of 11+ doses observed in the P2post compared to the Standard-11+ group.
When considering the percentage of 11+ doses relative to training sessions completed, the
P2post group individual player dose (57.7%) was higher than has previously reported (47%) in
11+ program research in youth football,49 whereas the Standard-11+ group was lower (32.7%).
However, compliance in both groups in the current study would be categorised as “low” and
“moderate”12 or “low”50 relative to previous research. This result was despite “best practice”
strategies to encourage program compliance, including extensive coach and staff education50
and engagement with stakeholders.26 The previous 11+ studies, however, did not record or state
whether all components of the 11+ program were completed for an exposure to be recorded.12,
50

The apparently low compliance in this study might have been a consequence of the strict
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compliance criteria we applied, as only “doses” in which players completed all three
components of the 11+ program were included in the analysis. Regardless of the method of
delivery, improving compliance to Part 2 of the 11+ requires further investigation and
potentially other strategies. Based on the findings in Chapter 4, addressing coach knowledge
regarding the importance and delivery of the 11+ program may be another strategy that requires
attention. Coach knowledge was a perceived barrier to implementation for all stakeholders and
despite an education session being performed prior to the study, inclusion into coach education
programs may help “normalize” the 11+ program, thereby improving compliance.

5.5.3

Limitations

Performing large scale injury research across numerous clubs can result in several
methodological limitations that must be acknowledged. We acknowledge potential issues that
may arise from performing multiple sub-classification hypothesis testing on the same data set.
Initial power calculations for participant inclusion were based on evaluating total injury
incidence and burden. Once the overall effect was determined, we performed sub-classification
analysis on different injury locations and types, which will reduce the power size of the sample
analysed. To overcome the potential impact of obtaining a false positive or false negative result,
we determined clinical inferences35 to allow for practical implications to be drawn from the
findings. Although caution may need to be applied to the sub-class findings, the number of
injuries recorded for specific injuries, such as hamstring muscle injuries, in our study was larger
compared to other published research.25, 38
Attempts were made to control the delivery of 11+ exercises for both groups to allow
for the efficacy of the scheduling change to be correctly determined, and compliance accurately
assessed. A limitation to the application of the “compliance” assessment when evaluating the
11+ program is the progression of stages in Part 2. There is not a specific progression of Part 2
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exercises within the program and, apart from the restrictions applied at the initial stages,
standardised progression through these stages for players is not possible. We attempted to
address this issue by only “allowing” players to progress through a stage in Part 2 once the
PDC or coach was satisfied with the technique and performance of the exercise and, as such,
maintained control over the prescription of exercises for the players. Although this limitation
may be indicative of a pragmatic issue associated with real world program coordination, we
applied the more rigorous compliance definition to ensure the true effect of rescheduling Part
2 was evaluated.
Notably, whilst a PDC was present to coordinate the 11+ program, the quality of how
well the exercises were performed was not recorded. It is possible that how well the 11+
exercises were performed and extra exercises may have impacted on injury incidence
outcomes. It should also be acknowledged that the presence of the PDC at training sessions
may have facilitated the compliance observed in this study.
Multiple PDCs were assigned across different clubs, which might have resulted in under
or over reporting of injuries.6 Moreover, variations in coaching styles,51 player fitness and
physical characteristics, and previous injury history of players was not considered in the
analysis.52 We attempted to standardise the knowledge base, program implementation and data
collection by providing an extensive education program for coaches and PDCs before the
intervention was implemented to minimise these limitations. Additionally, PDCs performed
several practice injury reports before the season started to improve interclub data reporting
consistency. Further research, however, is necessary to determine whether the improved 11+
program outcomes in the P2post group were due to increased dose exposure or the scheduling
change, or a combination of the two elements. The long-term physiological adaptions to
performing Part 2 post training also requires further investigation. Additionally, the translation
of the results and conclusions from this study to other populations, such as youth and females,
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should be approached with caution. It is beyond the scope of this study and as such we do not
speculate as to the impact of rescheduling Part 2 of the 11+ program would have beyond the
sub-elite, semi-professional men’s cohort.
Finally, the use of PDCs to deliver the 11+ program may limit the transferability of this
approach to a “coach only” delivery model. The placement of the PDC added a resource that
may not be common at many sub-elite clubs and therefore may put more demands on the coach.
However, the use of sports trainers as the PDC was an integral component of this study
methodology to ensure valid, accurate collection of the compliance and injury data which was
vital to determining the efficacy of the study.53 Coach education regarding delivery of the 11+
program and their role as an important part of the implementation process was performed as
part of the study prior to the season starting. This education process is likely to be important
for future research and practical application of the study findings into the “real world” where
delivery modes may vary beyond the restrictions of a randomised control design.

5.6

Conclusion

Rescheduling exercises in Part 2 of the 11+ program maintained program efficacy whilst
increasing compliance, thereby combatting some of the barriers associated with uptake of the
11+ program. Our results also suggest that improving 11+ program compliance and performing
Part 2 exercises at the end of training reduces the injury burden and severity associated with
the most problematic injuries in football.

5.7

Practical Implications
•

The simple act of rescheduling Part 2 of the 11+ program to the end of training
significantly improves 11+ compliance whilst maintaining the overall efficacy of the
11+ program.

•

Rescheduling appeared to impact directly upon severe injury incidence, reducing the

134

Chapter 5

number of days lost to injury of the most common injuries in football. The findings of
this study provide a simple and practical method to potentially improve the efficacy of
the 11+ program and the compliance to the 11+ program, thus may assist in improving
the overall adoption of the program.
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Chapter 6 - Summary, Recommendations for Future Research, and
Practical Implications

6.1

Summary

The overarching aim of this thesis was to systematically investigate the effects of modifying
the 11+ program delivery on injuries incurred by sub-elite football players. Before the effects
of 11+ program delivery could be investigated, it was imperative to first establish the injury
problem in sub-elite football. In Chapter 2, the results highlight an injury incidence in sub-elite
football twice that observed in previous research in elite and sub-elite football cohorts. Whilst
the higher injury incidence may be a result of cohort-specific factors discussed in Chapter 2, it
is more likely that the improved recording methods used in this thesis have provided more
accurate injury data. Interestingly, the results of previous research1 and the results presented in
Chapter 2, indicate that the main observed increases in injury incidence reporting compared to
other seasons and studies, were in the mild (1-3 days lost) injury severity category. This study
was also the first to document and report the injury burden in sub-elite football, which was also
found to be twice as high as that reported in the elite football setting. Of note, the results of
Chapter 3 highlighting hamstring muscle strains, hip/groin pain, lower leg contusions and ACL
tears, are all associated with the highest injury burden in sub-elite football, a finding that is
consistent with elite football,2 whereas ankle sprain burden was higher in sub-elite football
relative to their elite counterparts. The results of this study highlights the size of the injury
problem in sub-elite football with the need for investment into medical provision, facilities,
coach education and injury mitigation programs to reduce healthcare costs to sub-elite football
players in Australia.
In Chapter 3 the prevalence of non-time loss injuries in sub-elite football and their
association with an impending (within 7 days) time-loss (TL) injury was investigated. This
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chapter further explored the surveillance data reported in Chapter 2 because non-TL injuries
are known to be an underreported component of injury surveillance3 with only TL injuries
typically reported in injury research. Injury surveillance included player self-reports collected
via the OSTRC Questionnaire on Health Problems4 combined with football consensus5 third
party methods. Self-reported methods increased the data capture of non-TL injury, whilst the
OSTRC Questionnaire was less effective at capturing accurate TL data. The third-party
reporting method captured more than twice the number of TL injuries. Weekly non-TL physical
complaints were high with almost half of all players affected by a physical complaint that had
an impact on their participation and performance each week. Notably, the risk of a player
sustaining a TL injury was three to six times higher, respectively, when preceded (<7 days) by
a self-reported non-TL physical complaint resulting in a perceived minor and moderate impact
on participation, performance, training volume or severity. Importantly, whilst there was low
specificity, the presence of a non-TL injury was associated with good injury prediction capacity
(AUC range = 0.73 to 0.83) for the incidence of a TL injury within the following week and,
therefore, may be a useful secondary prevention tool to include in an injury prevention system.
Due to the low specificity, caution and the application of applied clinical reasoning should be
used before decisions to reduce training load are based on the presence of a non-TL injury
alone, as this will risk needless reduction in training exposure and/or unnecessary medical
intervention. Notably however, the different injury risk observed at different injury locations
may further assist clinicians in their treatment and intervention process. For example, the
results in Chapter 3 highlight that reporting the presence of a non-TL hamstring complaint were
associated with a higher TL injury risk compared to those with a hip/groin non-TL complaint.
As such, this information may assist clinicians and coaches with decision making and risk
profiling considering non-TL complaint location. The inclusion of the self-reported injury
surveillance method not only improved the depth of injury surveillance, but could also be
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considered as a method to help identify players at increased risk of injury in sub-elite football.
Overall, the results observed in Chapters 2 and 3 highlighted the need to implement effective
injury prevention strategies in this population. The most common injuries reported in Chapter
2 were consistent with the injuries that the 11+ program was designed to address6 and is an
important consideration when looking to select any IPP. As such the 11+ program was
confirmed as a potentially suitable IPP for this cohort and based on the evidence supporting its
use,7, 8 satisfied Stages 3 and 4 of the TRIPP model.
In Chapter 4, Stage 5 of the TRIPP model was addressed with potential barriers and
beliefs regarding IP practices across several stakeholders investigated. Coaches, players and
physiotherapists all supported using IPPs and perceived that IPPs would result in less injuries.
All stakeholders considered previous injury, a lack of fatigue resistance and an inadequate
warm-up as the main risk factors for injury in sub-elite football players. Contrary to previous
research, coach awareness of the 11+ program was high. Players, however, were relatively
unaware of the program and, as such, may present an important avenue for education involving
11+ program awareness. All stakeholders considered the 11+ program as effective in reducing
injuries although the program duration was consistently identified as a barrier to
implementation. A unique aspect of this survey-based study was that potential solutions to
improve IPP implementation was explored with stakeholders. Given the barriers of program
duration and fatigue related to some of the 11+ exercises, options to address these were posed,
specifically regarding moving a component to the end of training. Subsequently, the survey
results indicated that coaches and players were receptive to the concept of ‘splitting’ an IPP by
delivering two shorter (10-15 minute) components before and after training, with all
stakeholders reporting that the ideal warm-up duration was less than 20 minutes. The results of
Chapter 4 thus provided support to investigate the effects of rescheduling components of the
11+ program in Chapter 5.
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In Chapter 5, 25 sub-elite, semi-professional football clubs were randomly allocated to
either a Standard-11+ (n=398 players) or P2post group (n=408 players). Players in the Standard11+ group performed the entire 11+ program before training activities commenced whereas
players in the P2post group performed Parts 1 and 3 of the 11+ program before, and Part 2 after,
training. Both groups reported a similar number of injuries and injury incidence rate throughout
the football season, suggesting the 11+ program was equally effective in both groups.
Additional sub-group analysis also showed that rescheduling exercises in Part 2 of the 11+
program maintained program efficacy with both groups reducing injury incidence by
approximately 40% compared to the previous football season. Interestingly, performing the
exercises in Part 2 of the 11+ program at the end of training significantly reduced the injury
burden and severity associated with the most problematic injuries in football when compared
with the standard 11+ program delivery method. Days lost to hamstring muscle injuries,
recurrent injury and non-contact injuries were all significantly lower when the exercises
contained in Part 2 were performed after training compared to before training. These findings
may have been the result of significantly increased compliance in the group performing Part 2
at the end of training. This suggests that rescheduling Part 2 not only improved efficacy of the
11+ program, but also combatted the barriers of perceived program duration and potential
fatigue associated with the 11+ program.
In conclusion, by systematically applying an evidence-based framework to implement
an IPP, it was possible to identify the high injury incidence and burden that exists, in addition
to the prevalence and impact of non-TL injuries, in sub-elite football. Rescheduling Part 2 of
the 11+ program resulted in increased compliance whilst also reducing the incidence and
burden of injury incurred by sub-elite football players. Overall, the outcomes of this thesis
highlight ways to make football safer.
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6.2

Recommendations for Future Research

The findings from this thesis provide practical and effective methods to reduce injury incidence
and burden associated with sub-elite football. The findings from this thesis however, do
facilitate the development of further research questions.
6.2.1

Cohort Specific Injury Surveillance

Future research should replicate the research methods and interventions used in this thesis in
other football cohorts, such as youth, women and veterans, to gain a greater insight into the
injury patterns associated with sub-elite sport. Chapters 2, 3 and 5 show that large scale injury
research using methods outlined in consensus statements is possible and practical in a sub-elite
cohort. The methods employed in these chapters may therefore provide a template framework
for future research to be performed. Notably, future researchers are advised to engage with key
stakeholders regarding IPP delivery preferences to assist with “buy in” and implementation of
a proposed IPP. Additionally, the effect of rescheduling Part 2 of the 11+ program to the end
of training in other populations is also important to determine whether these results observed
in Chapter 5 are transferrable to other populations.
6.2.2

Increased use of Self-Report Measures in Primary and Secondary Prevention

Including the OSTRC Questionnaire on Health Problems4 to evaluate the efficacy (Stage 4 of
the TRIPP model) and effectiveness of an IPP (6 of the TRIPP model) should also be explored,
as only TL injury data was captured in Chapter 5. Based on the high prevalence of non-TL
injuries compared with TL injuries reported in Chapter 3, evaluating the efficacy and
effectiveness of the IPP in more depth by assessing the effects of an IPP on non-TL injury
prevalence should also be performed. Recent research has continued to show the higher injury
prevalence recorded when self-reported methods are employed, however these studies have
targeted groin injuries specifically.9, 10 The benefit of the OSTRC Questionnaire on Health
Problems4 is that it allows for all injury locations to be recorded by the player and may be more
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suited to larger scale IPP evaluation.
Furthermore, Chapter 3’s findings indicate that incorporating the OSTRC
Questionnaire on Health Problems4 into player monitoring systems may assist in identifying
players at increased risk of injury. Such findings provide potential secondary prevention
strategies to be developed in which a player that is “flagged” as being at increased risk has an
intervention implemented to manage or reduce this risk. Interventions such as load
management11 or physiotherapy intervention may be explored as a potential strategy for risk
management with further research, including training load and its effect on non-TL injury
reporting, of interest. As discussed in Chapter 3, the perception of “pain” varies between
players12 and pain can be a normal by-product of training.13 As such, based on the findings in
Chapter 3, a reported non-TL injury may be indicative of that player being relatively
overloaded, thereby potentially suggesting a simple way to evaluate individual responses to
training. To achieve this however, future research that incorporates the OSTRC Questionnaire
on Health Problems should implement the questionnaire on a more regular basis than weekly.
The results in Chapter 3 suggest using just one question from the OSTRC questionnaire is
adequate and may reduce the risk of questionnaire fatigue if players are asked to complete the
questionnaire more than once a week. Given the prevalence of daily monitoring that occurs in
modern sport,14, 15 and its use to identify changes in player “readiness”,16 then it is possible that
one category (performance, participation, severity or volume) could be incorporated into this
normal practice. Athletes however often do not perceive themselves to be “injured” until
performance is affected.17 The performance category OSTRC Question may therefore present
the most appropriate single question, with future research required to determine its
effectiveness in identifying high risk players when implemented daily.
Finally, the impact of 11+ program on non-TL injuries should also be investigated. The
results in Chapter 3 indicate the high prevalence of non-TL injuries compared to TL injuries
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and also the TL injury risk associated with them. Future IPP research should include selfreported methods for injury recording to assess the impact of programs such as the 11+ program
on non-TL injury prevalence and the potential impact on reducing TL injury risk.
6.2.3

Updating the “11+ Program” and its “concept”

Despite the ~40% reduction of injuries observed in Chapter 5, future research should
investigate ways to further improve the efficacy of the 11+ program as an IPP. For example,
adding an exercise such as the Copenhagen Adductor exercise, proven to reduce groin injury
incidence18 and increase eccentric adductor strength,19 within Part 2 of the 11+ program would
be a logical inclusion to specifically target hip/groin related injuries. Additionally, investigating
the underlying physiological adaptions that occur when the exercises in Part 2 of the 11+
program are performed after training may also provide further insight into the factors
contributing to reducing injury incidence.
Initially the 11+ program was designed to use the warm-up period to integrate specific
drills and exercises to reduce injury risk, whilst also being an effective warm-up.20, 21 The
findings in Chapter 5 are the first to show that expanding the 11+ program beyond the warmup, not only maintains the efficacy of the original program, but also improves compliance and
the program’s capacity to reduce injury burden. As the understanding of injury complexity
continues to improve and evolve,22 incorporating other components into the “11+ program
model” may be beneficial. Recent literature has highlighted that components such as adequate
training load23 and exposure to high speed running24 are key components in the reduction of
injury risk. It is therefore possible that the scope of the 11+ program could be expanded to
include additional sections with basic conditioning drills to ensure these components are in a
session. Additionally, performing exercises, such as the plank, within rest periods and between
drills, while keeping the exercises that may induce immediate fatigue, such as the Nordic
Hamstring exercise,25 at the end of training, may further reduce the perceived duration of the
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11+ program. Such strategies would require substantial coach involvement, as highlighted in
Chapter 4. Coaches are very interested and supportive of IP strategies and as such, future
research could explore the concept of a more holistic 11+ program representing a sessional
concept rather than just a warm-up.

6.3

Practical Implications

The findings of the current thesis have the following practical implications:
•

The high incidence and burden of injuries in sub-elite football emphasises the need to
include programs, such as the 11+ program, in sub-elite football. Particular focus should
be applied to prevent knee, ankle and hamstring related injuries due to their associated
high injury burden.

•

The injury severity profile – mild, minor, moderate and severe - is similar in elite and
sub-elite football. This suggests that injury prevention strategies and focus should be
similar across both cohorts of football players.

•

The addition of a PDC to injury data collection in sub-elite football increases the capture
of less severe injuries and improves injury surveillance data.

•

Combining the more commonly used third party and self-report injury reporting
methods greatly increases the capture of injury data in sub-elite football.

•

The presence of a non-TL injury is associated with an increased risk of a TL injury in
sub-elite football, with good predictive power relative to a future TL injury occurrence.
As such, the OSTRC Questionnaire for Health Problems is a useful tool that can be used
to assist in player monitoring, improve communication between coaches, players and
medical staff, and to help identify injury risk in sub-elite football.
•

Due to low specificity, the OSTRC Questionnaire on Health Problems is potentially a
useful tool for secondary injury prevention, as an early identification tool to prevent

149

Chapter 6

minor injuries progressing to more significant ones rather than being used to predict
injury.
•

The similarly predictive capacity observed across each of the four OSTRC
Questionnaire on Health Problems categories suggests that a single question may
sufficiently identify players at increased risk of TL injury.

•

Players, coaches and physiotherapists all consider IPPs are effective in reducing injuries
in sub-elite football. However, player awareness of effective IPPs in sub-elite football
is low compared to coaches and physiotherapists, presenting an opportunity for player
education.

•

The perceived lack of stakeholder support for IPPs and the 11+ program duration are
primary barriers for IPP implementation.

•

All stakeholders believe that inadequate warm-up is a major risk factor for injury but
the acceptable duration for a warm-up is less than 20 minutes.

•

Splitting an IPP, such as the 11+ program, into two shorter periods and including
exercises at the end of training, is well supported by all stakeholders.

•

Rescheduling Part 2 of the 11+ program to the end of training significantly improves
11+ program compliance whilst maintaining the overall efficacy of the 11+ program.
In fact, rescheduling appeared to impact directly upon severe injury incidence, reducing
the number of days lost to injury due to the most common injuries in football.

•

The findings of this study provide a simple and practical method to improve compliance
and subsequent efficacy of the 11+ program that may be implemented in sub-elite
football to assist in improving adoption of the program.
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6.3.1

Translation to Practice

By employing the RE-AIM SSM framework, it is possible to identify the key stakeholders and
translate the thesis findings into practice, with the key stakeholders being: National, state and
local sporting organisations; coaches; players; and medical staff. The following documents are
examples of stakeholder-specific handouts that have been developed, based on the findings of
this thesis, to assist with translating the findings into practice. It is envisaged that implementing
these recommendations will, ultimately, assist to make football safer.
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Figure 6.1 – Stakeholder specific guidelines for reducing injury incidence and risk in sub-elite football
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Figure 6.2 – Guidelines for practice for National, State and Local sporting organisations to reduce injury incidence and risk in sub-elite football
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Figure 6.3 – Guidelines for practice for coaches to reduce injury incidence and risk in sub-elite football
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Figure 6.4 – Guidelines for practice for players to reduce injury incidence and risk in sub-elite football
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Figure 6.5 – Guidelines for practice for medical and performance staff to reduce injury incidence and risk in sub-elite football
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6.4
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Appendix 1
Definitions Used in Chapters 2, 3 and 5
Term

Definition

Injury

Any physical complaint sustained by a player that results from a football
match or football training.

Time Loss Injury

Any injury that results in a player being unable to fully participate in matches
or training, including an injury where a player cease training or matches due
to injury.

Injury Severity

The number of days from the date of the injury to the date of the player’s
return to full participation in training and availability for match selection. The
day of injury is Day 0 and severity will be classified by the number of days
that the player is unavailable for full participation. The severity is to be
reported in the subcategories: Slight – 0 days; Minimal – 1-3 days; Mild –
4-7 days; Moderate – 8-28 days; Severe - >28 days

Time Exposure

Exposure, in hours, to football specific training and match play is recorded.
All sessions conducted by club coaching and fitness staff are recorded. Extra
sessions external to the club are not included.

Recurrent Injury

Injury of the same type and the same site occurring within 2 months of the
player’s return from the previous injury
Trauma Injury

Injury with sudden onset and known cause

Overuse Injury
Injury with insidious onset and no known cause
Injury Incidence

Number of injuries per 1000 player hours

Injury Burden

Number of days lost due to injury per 1000 player hours – (injury incidence ×
mean absence (days) per injury)

Muscle Injury

A traumatic or overuse injury to the muscle including structural-mechanical
and functional injuries such as fatigue induced cramps. Contusions,
haematoma and tendinopathy are not included in specific muscle injury
analysis

Sub-elite participation level

Sub-elite players participate in a minimum of 3 scheduled team
sessions/week (2 scheduled team training sessions + 1 match). This is
inclusive of semi-professional (financial incentive) and amateur (nonfinancial) classifications. Players that are not training or playing in a full time,
professional capacity.

161

Appendix 2
Injury Recording Template Used in Chapters 2, 3 and 5
Player:____________________________________________________________________________________
1. Date of Injury:_______________________________________________________________________
2. Date of Full Return :__________________________________________________________________
3. Injured body part
Head/face
Neck/cervical spine
Sternum/ribs/upper back
Abdomen
Low Back/Sacrum/Pelvis
Shoulder/Clavicle
Upper Arm
Elbow
Forearm
Wrist
Hand/finger/thumb
Upper Arm
4. Side of Injury
Left
5. Type of Injury
Concussion with or without
LOC
Fracture
Other Bone Injury
Dislocation/Subluxation

Hip/Groin
Thigh - Hamstrings
Thigh - Quads
Knee
Lower Leg/Achilles
Ankle
Foot/Toe

Right

Both

Sprain/Ligament Injury

Not Applicable

Muscle
Rupture/Strain/Tear/Cramp
Abrasion
Laceration
Other________________

Haematoma/contusion/bruise
Dental injury
Tendon
injury/rupture/tendinosis/bursitis
6a - Diagnosis:_________________________________________________________________________
6b - Description:________________________________________________________________________
6. Has the player had a previous injury of the same location and type?
No
Yes – Full Participation was_____________
7. Was the injury caused by:
Overuse
Trauma
8. When did the injury occur? Date:_________________
Training
Match
9. Was the injury caused by contact/collision?
No

Yes, with another player
Yes, with the ball
Yes, with other object
_______________________
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Appendix 3
Survey Delivered Via SurveyMonkey in Chapter 4
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a b s t r a c t
Objectives: This study aimed to conduct the ﬁrst injury surveillance study in sub-elite football in Australia,
using methods from the international football consensus statement.
Design: Descriptive epidemiological study.
Methods: 1049 sub-elite football players were recruited during the 2016 season. Injury and exposure data
was collected by trained Primary Data Collectors (PDCs) who attended every training session and match.
Results: There were 1041 time loss injuries recorded during 52,127 h of exposure resulting in an injury
incidence rate of 20 injuries/1000 h (95% Conﬁdence Interval [CI]: 15.9–23.3). The injury burden (days
lost to injury relative to exposure) was 228 days lost/1000 h. Muscle and ligament injuries were the most
prevalent (41% and 26%) and incurred the highest injury burden (83 and 80 days lost/1000 h, respectively).
The most common injuries were observed at the thigh (22%) and ankle (17%), with hamstring (13%) the
highest reported muscle injury. The proﬁle of injury severity was: mild — 35%; minor — 29%; moderate
— 28% and severe — 8%. Recurrent injuries accounted for 20% of all injuries.
Conclusions: By addressing issues identiﬁed with injury recording in sub-elite football, this study found
that the injury incidence was twice that observed in previous research in elite and sub-elite football
cohorts. Injury burden was also twice that of the elite setting, with similar injuries associated with the
highest burden. The results highlight the need for investment into medical provision, facilities, coach
education and injury mitigation programmes to reduce healthcare costs to sub-elite players in Australia.
© 2018 Published by Elsevier Ltd on behalf of Sports Medicine Australia.

1. Introduction
Football (soccer) is Australia’s most popular sport with over
1.1 million participants.1 Below the only professional league (ALeague; <1% of all Australian football participants), both National
and regional league competitions include high level sub-elite
(semi-professional and amateur) players who participate in three
to four scheduled football sessions (training and competition) per
week. In addition, sub-elite players are typically committed to other
occupational employment or full time education committments
which can introduce additional stressors and strains.2 Despite the
high participation rates and player participation proﬁle, there has
been no injury surveillance research performed in sub-elite football

∗ Corresponding author.
E-mail address: matt@ﬁgtreephysio.com.au (M. Whalan).
https://doi.org/10.1016/j.jsams.2018.05.024
1440-2440/© 2018 Published by Elsevier Ltd on behalf of Sports Medicine Australia.

in Australia. Injury is often the reason a player discontinues sporting
participation and can lead to long term disability and substantial
medical costs3 and economic cost associated with employment
absences.4 In alignment with Van Mechelen’s injury prevention
model,5 accurate cohort speciﬁc surveillance is necessary to inform
bespoke injury prevention programmes. Thus, whilst injury prevention programmes can reduce injuries in football by up to 39%,6
without cohort speciﬁc injury surveillance, the effectiveness of
injury prevention programmes cannot be accurately determined.7
In 2006 a football consensus statement8 was developed to guide
injury research and since publication, the majority of elite football injury surveillance studies have employed the methods as
proposed within this statement.9–11 A number of injury surveillance studies in sub-elite football have stated that the methods
used are consistent with the football consensus statement. However, there is often: 1) a lack of detail regarding what injury details
are recorded and who collects the data,12 2) inconsistencies in the
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way playing/training exposure is recorded13 and 3) inconsistent
injury deﬁnitions used.14 Meanwhile, due to a lack of resources
in the sub-elite setting, studies that have strictly applied the consensus statement methods report difﬁculties when attempting to
record minor (<7 day training/match absence) injuries.11,15 Additionally, despite research establishing the importance and value of
recording injury burden in the elite setting,16 injury burden has
is yet to be examined in the sub-elite setting. Consequently, the
inconsistences and methodological limitations in sub-elite injury
surveillance studies make it difﬁcult to compare the incidence
and patterns of injury between sub-elite studies and with elite
cohorts.12,17 Therefore translation of current elite injury prevention
practices into sub-elite populations is somewhat limited.7
This study aims to: 1) conduct the ﬁrst injury surveillance study
in sub-elite football in Australia, using methods that allow strict
adherence to the international football consensus statement8,16
and, 2) document injury burden16 in sub-elite football which has
implications for injury prevention strategies and practices.

2. Methods
A prospective cohort study of 1049 players (age:
24.3 ± 6.2 years; stature: 178.6 ± 6.9 cm; body mass: 75.2 ± 11.2 kg)
from 25 male sub-elite football clubs (each comprising ∼2–3
teams) in New South Wales (Australia) was conducted over the
2016 season. The clubs consisted of four Tier 2 (National Premier
League) and twenty-one Tier 3 (Regional League) clubs in which all
players received ﬁnancial incentive to play. Clubs and players were
recruited via a number methods including: direct contact with
team medical staff; presentations to club ofﬁcials and coaches;
engagement with the regional Association; and contact with State
and National Federations. Only players that were considered subelite deﬁned as “participating in a minimum of 3 scheduled team
sessions/week (including 2 training sessions + match day)” were
included. Injury records were obtained during all training sessions
(2–3 per week) and matches including preseason, in-season and
ﬁnals (28–34 weeks). Prior to data collection, all players were
fully informed of the study and provided signed consent. All
procedures were approved by the University of Wollongong’s
Ethics Committee (reference number: 15/340).
The football consensus statement8 injury deﬁnitions and data
collection procedures (Appendix A of Supplementary material)
were applied in this study. An injury was deﬁned as “any physical complaint sustained by a player that results from a football
match or football training”, whilst time loss injuries were deﬁned
as “injury that results in a player being unable to fully participate
in matches or training.” As per the football consensus statement,
only time loss injuries were included for analysis. Players were
deemed to have recovered from injury once they had returned
to full training/match participation or were considered eligible for
team selection.8
A Primary Data Collector (PDC) at each club attended all training and match sessions to record football exposure and injury
data via a standardised collection form.8 Injury and exposure
records were shared with the primary researcher on a weekly
basis via a customised online data management platform. The
use of a Primary Data Collector (PDC) at each club attempted to
address the issues identiﬁed in performing injury surveillance in
sub-elite football.17 The PDC was designated as the only person
collecting injury and exposure data; they attended every training
session and were present on match day to facilitate the capture of all injuries. Each PDC was required to obtain a Sports
Trainers Level 1 certiﬁcation, which is considered the national
minimum medical qualiﬁcation in Australia. Sports trainers have
been used as PDCs in sub-elite Australian Rules Football injury
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surveillance18 and completed additional training with the lead
researcher (an accredited physiotherapist) detailing how exposure
(minutes) and injury details were to be recorded to comply with
the football consensus.8 The PDC was educated on injury deﬁnitions and the process for recording detailed injury descriptions and,
as per previous surveillance work,19 from the injury description,
an injury diagnosis was later determined by an accredited physiotherapist using the Orchard Sports Injury Classiﬁcation System
(OSICS-10.1).20 Additional groin pain subcategories of abdominal,
adductor and iliopsoas related origin were added to provide a more
in depth analysis of hip/groin pain presentation and to broaden
the scope of the injury surveillance, allowing for comparison with
recent literature.21 Injuries that occurred late in the season were
followed up by the PDC in order to determine a full recovery
date.
Injury incidence rate (±95% Conﬁdence Intervals [CI]) was calculated (total injuries/total exposure (h) × 1000 h), and the mean
number of days lost per injury was recorded. Injury burden was
calculated as the average number of days lost per injury relative to
exposure.16 The frequency of injuries categorised by type, mechanism and location, are presented as absolute and relative values
(percentage of total injuries). If players ceased participation, their
individual exposure and injury was still included. Thus, no player
data was lost since the injury data was normalized relative to exposure.

3. Results
A total of 1041 time loss injuries were recorded during 52,127 hours (h) of exposure (training = 40,327 h and
matches = 11,800 h), resulting in a total injury incidence of
20 injuries/1000 h (95% CI: 15.9–23.3). Matches incurred a 5-fold
greater incidence of injuries (54 injuries/1000 h; 95% CI: 51.2–57.8)
versus training (10 injuries/1000 h; 95% CI: 8.2–11.8). Individual
player exposure for matches (11 h) and training (39 h) over the
season resulted in a training exposure to match ratio of 3.6:1. Minimal (7 injuries/1000 h; 95% CI: 4.0–8.6), mild (5.8 injuries/1000 h;
95% CI: 4.2–7.1) and moderate injury (5.5 injuries/1000 h; 95% CI:
4.7–6.8) severity classiﬁcation were evenly distributed, and severe
injuries (1.7 injuries/1000 h; 95% CI: 1.3–2.4) were relatively
uncommon (Table 1). Injuries affecting the lower limb accounted
for 86% of all injuries (Table 1), with the most common locations
observed at the thigh (22%) and ankle (18%). The majority (82%;
16 injuries/1000 h) of injuries occurred as a result of a speciﬁc
incident (i.e. trauma) and hamstring injuries (13%) were the most
common muscle injury (Table 2).
An injury burden of 228 days lost/1000 h with an average of
11 days lost/injury was observed (Table 3). Muscle and ligament
injuries resulted in the highest injury burden (83 and 80 days
lost/1000 h respectively), with the knee and thigh (53 and 48 days
lost/1000 h, respectively) the most common locations. Injuries during match exposure resulted in a greater injury burden (160 days
lost/1000 h) and mean time lost to injury (13 days) when compared
to injuries associated with training exposure (68 days lost/1000 h;
9 days).
Non-contact injuries (136 days lost/1000 h) resulted in a greater
injury burden compared to contact injuries (92 days lost/1000 h).
Despite a relatively low injury incidence, knee ligament injuries
resulted in a similarly high injury burden (39 days lost/1000 h)
versus hamstring muscle (38 days lost/1000 h) and lateral ankle
sprain (33 days lost/1000 h) injuries. Recurrent injuries resulted in
an injury burden of 50 days lost/1000 h and a time lost average of
13 days per injury.
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Table 1
Injury incidence pattern including location, type and mechanism.

Injury location
Head/face
Neck/cervical spine
Shoulder/clavicle
Sternum/ribs/upper back
Abdomen
Low back/sacrum/pelvis
Hand/ﬁnger/thumb
Hip/groin
Thigh
Hamstrings
Quadriceps
Knee
Lower leg/Achilles tendon
Ankle
Foot/toe
Injury type
Fracture
Other bone injury
Dislocation/subluxation
Sprain/ligament injury
Meniscus/cartilage
Muscle injury/strain
Tendon injury
Haematoma/contusion
Abrasion
Laceration
Concussion
Other injury
Injury mechanism
Non-contact
Contact
Recurrent
Trauma
Overuse
Total injuries

Total

Minimal (1–3 days)

Mild (4–7 days)

Moderate (8–28 days)

Severe (>28 days)

33 (3)
10 (1)
21 (2)
18 (2)
7
34 (3)
17 (1)
126 (12)
231 (22)
145 (14)
86 (8)
167 (16)
134 (13)
192 (18)
43 (4)

16 (4)
3
3
8 (2)
2
19 (5)
6
43 (12)
62 (17)
32 (9)
30 (8)
57 (16)
67 (18)
55 (15)
21 (6)

8 (3)
2
7 (2)
5 (1)
1
9 (3)
7 (2)
39 (13)
68 (22)
34 (11)
34 (11)
46 (15)
34 (11)
64 (21)
8 (3)

7 (2)
4 (1)
6 (2)
4 (1)
3 (1)
5 (2)
4 (1)
37 (13)
79 (27)
60 (20)
19 (7)
45 (16)
22 (8)
59 (20)
12 (4)

2 (2)
1 (1)
5 (6)
1 (1)
1 (1)
1 (1)
0
7 (8)
22 (25)
19 (22)
3 (3)
19 (22)
11 (13)
14 (16)
2 (2)

21 (2)
12 (1)
19 (2)
270 (26)
27 (3)
429 (41)
54 (5)
160 (15)
6
10 (1)
15 (1)
20 (2)

3
4
2
80 (22)
6 (2)
140 (38)
21 (6)
86 (24)
4 (1)
6 (2)
5 (1)
5 (1)

2
4 (1)
3
79 (26)
13 (4)
119 (39)
20 (7)
45 (15)
2
4 (1)
3 (1)
9 (3)

6 (2)
4 (1)
7(2)
80 (28)
7 (2)
136 (47)
12 (4)
25 (9)
0
0
6 (2)
5 (5)

10 (12)
0
6 (7)
31 (36)
1 (1)
34 (39)
1
4 (5)
0
0
1 (1)
1 (1)

599 (58)
442 (42)
211 (20)
853 (82)
188 (18)
1041

184 (31)
180 (41)
61 (29)
283 (33)
81 (43)
364 (35)

179 (30)
123 (28)
67 (32)
236 (28)
66 (35)
302 (29)

184 (31)
104 (23)
66 (31)
250 (30)
38 (20)
288 (28)

52 (8)
35 (8)
17 (8)
84 (9)
3 (2)
87 (8)

Values within brackets show percentage of total values (below 1% not shown).
Injury locations and types with <5 injuries are not shown.

Table 2
Musclea and ligament injury incidence pattern, incidence and burden.

Muscle injury
Hamstring muscle strain
Quadriceps muscle strain
Calf muscle strain
Hip/Groin pain
Adductor related
Iliopsoas related
Abdominal related
Recurrent muscle injury
Ligament sprain
Knee ligament sprain
ACL sprain
MCL sprain
Ankle ligament sprain

Total

Incidence (/1000 h)

95% CI

Injury burden (days lost/1000 h)

Average days lost/injury

138 (13)
43 (4)
72 (7)
102 (10)
64 (6)
32 (3)
6 (1)
81 (8)

3
1
1.4
2
1.2
0.6
0.1
1.6

2.4–3.4
0.8–1.2
1.2–1.6
1.7–2.3
1.0–1.4
0.5–0.7
0.08–0.12
1.5–1.7

38
8
12
21
13
4
4
20

14
9
9
11
11
7
32
13

82 (8)
8 (1)
43 (4)
142 (14)

1.6
0.13
0.8
2.8

1.4–1.8
0.1–0.16
0.6–0.1
2.6–3.0

39
17
15
33

25
127
18
12

a
Muscle injuries only include structural and functional injuries — exclude contusions, haematoma, tendon related injuries. Values within brackets show percentage of
total all injuries (n = 1041).

4. Discussion
In this study, the incidence of injury (20 injuries/1000 h)
was more than twice that previously reported in elite (8
injuries/1000 h)9 and sub-elite (9.6 injuries/1000 h)11 cohorts.
Strict adherence to the consensus statement methods within this
study captured a larger percentage of “mild” and “minimal” severity (<7 days’ time lost) injuries compared to previous sub-elite
studies,11,15 however the relative distribution of injury severity,
types, mechanisms and locations were all similar to elite studies.9,16
This study was the ﬁrst to add injury burden to sub-elite injury

surveillance. Injury burden was almost twice that of that seen in
research conducted in the elite setting,16 albeit the same injuries
(anterior cruciate ligament rupture, hamstring muscle strains,
ankle sprains and muscle contusions) were associated with the
highest injury burden.
In contrast to previous investigations,11 the injury incidence
in this study was two times greater than that observed in the
elite setting,9 whilst injury burden in the sub-elite setting and was
almost twice that observed in the elite setting.16 Indeed, there are a
number of reasons why one might expect differences between subelite and elite cohorts that would result in a higher injury incidence
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Table 3
Injury burden of time loss injuries (injury incidence × mean absence per injury).

Injury location
Head/face
Shoulder/clavicle
Sternum/ribs/upper back
Low back/sacrum/pelvis
Hip/groin
Thigh
Hamstring
Quadriceps
Knee
Lower leg/Achilles tendon
Ankle
Foot/toe
Injury type
Fracture
Sprain/ligament injury
Meniscus/cartilage
Muscle injury/strain
Tendon injury
Haematoma/contusion
Concussion
Dislocation
Injury mechanism
Non-contact
Contact
Recurrent
Trauma
Overuse
Injury event
Match
Training
Total

Days lost per 1000 h

Days lost per injury

5
9
3
4
25
48
36
12
53
21
43
7

8
23
8
6
10
10
13
7
17
8
11
8

15
80
5
83
9
17
3
8

37
16
10
10
9
6
11
29

136
92
51
203
25

12
11
13
13
8

160
68

13
9

228

11

and burden. Firstly, a lower training exposure (39 h/player) and
training to match exposure ratio (3.6:1) was observed versus elite
populations (213 h/player and 5.2:1, respectively)9 , with matches
yielding a higher intensity22 and injury incidence compared with
training sessions.9,11 Furthermore, whilst only ﬁeld based football exposure is included in the football consensus statement, elite
teams often perform additional injury prevention and strength and
conditioning (S&C) programmes to complement on-ﬁeld work.23
As such, the lower training to game ratio, reduced training exposure and a lack of injury prevention and S&C programmes may not
provide adequate physical readiness for match intensities in subelite football.24 Therefore, programmes, such as the FIFA11+, that
have strong evidence for reducing injury risk in football6 and can
be delivered in the sub-elite setting, may have an important role in
addressing these issues.
Secondly, lower player skill levels can present an increased
injury risk25 as these players are less adept at avoiding injury
scenarios involving direct contact that commonly result in
contusion/haematoma injuries.26 Indeed, whilst time lost from
direct impact injuries in this study was similar to elite football
(≤7 days’ time loss),27 an incidence of 3 injuries/1000 h for contusion/haematomas was almost three times higher than previously
observed in an elite setting (1.3 injuries/1000 h).9 It is thus suggested that the methods adopted in this study, which resulted in
a high capture of minor injuries, highlight a potential issue associated with low skill level in sub-elite football. Compounding this,
sub-elite teams often play on surfaces with signiﬁcant signs of
wear and tear which can exacerbate the lower skill level,25 and
potentially increase impact injuries and sprains. With respect to the
cohort examined within this study, an increased risk of non-contact
traumatic injury may also have been observed due to the warmer
climate and ﬁrmer playing surface characteristics compared with
European based sub-elite and elite cohorts.11,26,28
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Thirdly, a lack of access to medical staff (e.g. medical doctors,
physiotherapists) in sub-elite football likely results in inadequate
rehabilitation and return to play decisions that are solely coach
and/or player driven, potentially leading to uninformed decisions
on safe return to play. The lack of medical staff at training also typically reduces the ability to complete accurate injury reporting.18
However, the presence of a Sports Trainer at training and on match
days to record injury in this study appears to have addressed this
issue with a larger capture of injury data compared with previous
sub-elite research. It is important to note that, in sub-elite football, it is common for a number of days to pass between scheduled
sessions with no player-medical staff contact. Correspondingly, the
methods utilised in this study may have overestimated time loss for
minimal and mild injuries and presented an inﬂated incidence.17
As players were presumed injured until they were able to fully participate in training or a match, in some cases it is possible that there
were 3 to 4 days between player-medical contacts, and may have
increased time loss periods by 2 to 3 days. However, the effect of
any overestimation is difﬁcult to evaluate as an underreporting of
injuries has been noted in previous research.12
Despite the high injury incidence observed in this study, there
were similarities in the injury patterns observed when compared
with elite cohorts with muscle injuries incurring the highest injury
incidence and injury burden.9 The time loss (14 days) and relative
occurrence (13% of all injuries) of hamstring injury was also similar to elite populations.29 The impact of hamstring injuries was
further highlighted in this study by a burden three and four times
higher than calf and quadriceps muscle injuries, respectively. Hip
and groin injuries also presented at a similarly high incidence, burden and time loss per injury as the hamstring. The incidence of
groin pain was twice that previously reported in elite30 and two
to four times that in sub-elite11,21 populations. Hip/groin injuries
were sub-group classiﬁed21 with a resultant incidence of adductorrelated groin pain two times higher than iliopsoas-related, and
ten times higher than abdominal-related groin pain, and a similar
distribution to existing elite30 and sub-elite research.21 Adductorrelated injury burden (13 days lost/1000 h) was similar to a recent
elite cohort study30 despite a twofold higher groin injury incidence
in this study. Whilst it has been suggested that higher level players
are at more risk of hip and groin pain,30 the results of this study
indicate that the prevalence of adductor-related groin pain at both
sub-elite and elite levels is similar. These ﬁndings reafﬁrm that
thigh and groin muscle injuries represent an injury challenge in
both elite and sub-elite football, and suggest that in addition to a
focus on thigh and ankle exercises, speciﬁc groin related exercises
should also be included in injury prevention programmes at the
sub-elite level.
Knee and ankle ligament injuries were the most common ligament injuries observed in this study, and is consistent with previous
research conducted in the elite setting.9 Knee ligament sprains
were associated with player time loss more than twice that of a
muscle injury, contributing to a ligament injury burden similar to
muscle injury (80 and 83 days lost/1000 h) despite a lower injury
incidence. The incidence and burden of ligament injury was also
much higher in this cohort of sub-elite footballers when compared
to reports in an elite setting. Lateral ankle sprain incidence was ﬁve
times higher and injury burden 50% greater10 whilst incidence of
anterior cruciate and medial collateral ligament (MCL) was two to
three times greater than that observed in an elite setting.31
Typically, the cause of all muscle and ligament injuries (82%; 15
injuries/1000 h) observed in this study were the result of a speciﬁc
event (trauma). Trauma was the major cause (69%) of all noncontact injuries and resulted in a higher injury burden (136 days
lost/1000 h) compared with contact injuries (92 days lost/1000 h).
Indeed, trauma has been reported as the most common injury
mechanism in previous sub-elite research.11 In contrast, overuse
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appears more common in an in the elite setting.9 It should be
considered, however, that higher football exposure/player in elite
football9 may result in elite players being more susceptible to
overuse injury and better access to medical services may facilitate
overuse injury recording.11 In this current study, recurrent injuries
resulted in an injury burden twice that of overuse injuries, despite
a similar injury incidence, with the mean days lost similar to that
of non-contact and contact injuries. Interestingly, the incidence of
recurrent injuries was two-four times higher than previous elite9
and sub-elite research11,15 which we attribute to the increased
number of minor (time loss <7 days) injuries captured. Indeed, the
majority of injuries (64%) in this study were classiﬁed as minor,
substantially increasing the number of ‘initial’ injury events that
may be deﬁned as recurrent. Injury recurrence was also 50% higher
in this study compared to “top level” UEFA European elite cohorts,
but similar to that seen in “high level” (Swedish Premier Division)
teams.15 This difference is likely explained by improved medical
resources and larger squad sizes at the “top level”.9,16 Based on
the prevalence and burden of recurrent injuries in sub-elite football, strategies to improve return to play policies are thus required,
with the importance of minor injury data capture highlighted in
this study.
This study has shown a high injury incidence in sub-elite football; however when considering the results, the limitations of this
study should be acknowledged. Firstly, multiple PDCs at multiple
clubs collecting the data may have presented a degree of extraneous
variability. By conducting extensive training of the PDC cohort however, we aimed to minimize potential reporting differences and this
‘interclub’ variation would also be equally prevalent in any injury
surveillance research involving multiple practitioners.12
Secondly, the football consensus statement deﬁnes an injury as
“any physical complaint”, however only injuries which resulted
in an inability to participate in training or matches are typically
included for analysis.8 The accumulative nature of overuse injuries
though, often leads to players with physical complaints continuing
to fully participate in football, suggesting it is likely that overuse
injuries account for a much larger injury prevalence than reported
in this study.32 Furthermore, accumulated fatigue and injury from
participation in other sports, recreational pursuits, and work outside of football is not typically included in elite and sub-elite
injury surveillance research, yet may impact on potential injury
risk and incidence. Future research should therefore seek to incorporate methods to improve the capture of overuse injuries and
non-football related workloads.

5. Conclusions
In this study a two-fold higher injury incidence and injury
burden, and four-fold higher recurrence, was observed when compared to research in the elite and sub-elite setting, yet the location,
severity and mechanisms of injury were similar. Conseqeuently,
adherence to the procedures outlined in the football consensus
statement appears to improve injury surveillance in sub-elite football and should be adopted in future football injury research. The
high injury incidence may be related to a number of factors including individual skill level, training availability and access to medical
expertise in sub-elite cohorts. Potentially improved coach education on ensuring physical readiness and safe return to play and
improved access to medical resources, in addition to the implementation of injury prevention programmes, may all be possible
avenues to reduce injury incidence in sub-elite football. Overcoming barriers to, and improving, the implementation of injury
prevention and rehabilitation programmes is thus paramount to
reducing the incidence and burden of injury in sub-elite football.

Practical implications
• The addition of a PDC to injury data collection in sub-elite football increases capture of less severe injuries and improves injury
surveillance.
• The pattern and severity distribution of injury is similar in elite
and sub-elite football.
• The high incidence and burden of injuries emphasises the need
to include programmes, such as the FIFA11+, in sub-elite football.
Particular focus should be applied to the prevention of knee, ankle
and hamstring related injuries due to their associated high injury
burden.
• Additional coach education via the coaching curriculum to
develop: i) strategies to ensure adequate player preparation, ii)
delivery of injury prevention programmes, and iii) return to play
policies are warranted.
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ABSTRACT
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Objective: To determine the prevalence and impact of non-time loss injuries in semi-professional
football.
Methods: 218 players completed the Oslo Sports Trauma Research Centre (OSTRC) Questionnaire on
Health Problems weekly during the 2016 season (35 weeks), recording the prevalence and impact of time
loss (TL) and non-time loss (non-TL) injuries. TL injury and exposure were also collected by a third party as
per the Football Consensus statement. The relative risk (RR) of a TL injury within 7 days of a self-reported
non-TL injury was determined, with associated predictive power calculated.
Results: The risk of TL injury was 3.6 to 6.9 × higher when preceded by ‘minor’ and ‘moderate’ non-TL
complaints, respectively, and good predictive power (22.0–41.8%) was observed (AUC range = 0.73 to
0.83). Compliant responders (80% of completed OSTRC questionnaires) showed a mean self-reported
weekly injury prevalence (TL and non-TL combined) of 33% (95% CI – 31.4% to 34.6%) with 28% (CI –
26.4% to 29.6%) attributed to non-TL injury.
Conclusion: Over a quarter of players on average, report a physical complaint each week that does not
prevent them from participating in training or match play. A non-TL injury was shown to be useful in
identifying individual players at an increased risk of a TL injury.
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Introduction
Accurate injury surveillance underpins eﬀective injury prevention programs (Van Mechelen and Hlobil 1992).
However, in football injury research, whilst an injury is
deﬁned as ‘any physical complaint’ (Fuller et al. 2006), only
time loss (TL) injuries resulting in a failure to fully participate in training or matches are used to determine injury
incidence and severity (Ekstrand et al. 2011). It is acknowledged that excluding physical complaints that do not result
in a TL injury may underestimate the true injury proﬁle in
football (Clarsen 2017). The complex nature of injury suggests that as many contributing factors as possible should
be considered during surveillance to improve the eﬀectiveness of injury risk reduction strategies (Bolling et al. 2018).
Notably, in overuse injuries, tissue failure may already be
present before the development of pain and performance
deﬁcits, with dysfunction in a local area potentially impacting on pathology in neighbouring regions (Wilke et al.
2019). As such, injury surveillance methods that capture all
‘physical complaints’ may improve the sensitivity of injury
surveillance (Clarsen and Bahr 2014) and allow practitioners
to consider the magnitude of the symptoms suﬀered alongside the burden associated with time loss injury (Bahr et al.
2018).
Such methods may be achieved in an elite setting where
clubs have access to full-time medical staﬀ and resources that
allow thorough player monitoring and accurate injury
CONTACT Matthew Whalan
mattwhalan07@gmail.com
Ave, Wollongong, NSW 2522, Australia
© 2019 Informa UK Limited, trading as Taylor & Francis Group
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surveillance. In the sub-elite setting, however, there is often a
lack of medical staﬀ and recording protocols may need to be
more adaptable (Finch 2017). Self-reported data collection
methods can improve injury data collection (Gallagher et al.
2017), increasing capture of physical complaints that do not
result in training or match play absences (a non-TL injury),
versus more commonly used TL only methods (Clarsen et al.
2013; Ekegren et al. 2015; Møller et al. 2017; Langhout et al.
2018). However, little is known about the prevalence and
impact that non-TL injuries in football may have on more
serious TL injury risk. This information may have particular
importance in semi-professional environments, where the
players’ primary source of income may be from non-football
occupations, and the long-term cost of injury can eﬀect both
the player’s health (Hainline et al. 2017a) and ﬁnancial status
(Lee and Garraway 1996). Indeed, injuries in non-professional
settings; such as a college, high school or university, are associated with signiﬁcant ﬁnancial cost (Fair and Champa 2018).
The increasing costs associated with sporting injury has led to
suggestions that the risk of injury, may negate the positive
health beneﬁts associated with physical activity (Conn et al.
2003). It is therefore of paramount importance that practitioners continue to search for eﬀective and easily implementable methods to reduce injury incidence (Marshall and
Guskiewicz 2003).
The current study will therefore compare the prevalence and
impact of ‘all physical complaints’ in semi-professional football
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Twenty-ﬁve teams from 10 semi-professional football clubs,
volunteered to participate in the study during the 2016 season.
Clubs were recruited from the NSW National Premier League
and Illawarra Premier League in Australia (2nd and 3rd tiers of
participation, respectively). All players participated in a minimum of three football-based sessions per week (training and
match). Prior to data collection, all players were informed of the
study and provided written informed consent. All procedures
were approved by the University of Wollongong’s Ethics
Committee (reference number: 15/340).

‘Cannot participate due to injury’ was recorded. A non-TL injury
was recorded when a player self-reported ‘full participation but
with health problems’ (minor) or ‘reduced participation due to
health problems’ (moderate). The impact of any non-TL injury
reported was further assessed by its aﬀect (minor or moderate)
on performance, volume of training and perceived severity.
Players reporting the presence of any injury (TL or non-TL)
were required to record the location as per the Fuller et al.
(2006) football consensus statement. Illnesses were also
recorded by the OSTRC Questionnaire but were not included
in the analysis for this study. All PDC’s, clubs and coaches were
blinded to self-report responses.
To facilitate compliance, the questionnaire reminder was
emailed the day after each weekly game and resent daily up
until the ﬁrst training session of the following week to any
players that had not yet completed the questionnaire. The
primary investigator then sent each PDC a list of players who
had not yet completed the questionnaire and they were asked
to encourage players to complete the questionnaire online
prior to the start of training.

Time loss injury data collection

Statistical analysis

TL injury data and individual exposure minutes (training and
match) were collected in accordance with the Fuller et al.
(2006) consensus statement on injury deﬁnitions and data collection procedures in football, with injury deﬁned as ‘any physical
complaint’, and TL injury deﬁned as an ‘inability to fully participate in football training or matches’ (Fuller et al. 2006). To
comply with the Consensus methods, each club was assigned a
Primary Data Collector (PDC) holding a minimum medical qualiﬁcation (Sports Trainer Level 1), a method that has been previously shown to be a valid and reliable means of collecting
injury data (Ekegren et al. 2015; McCunn et al. 2017). The PDC
attended all training and match sessions to record injury and
exposure via standardised data collection forms and were provided with additional tuition by a qualiﬁed physiotherapist
detailing injury description, deﬁnitions, and recording exposure
to comply with the Fuller et al. (2006) Consensus statement
(Whalan et al. 2019). No exposure data was recorded for players
performing modiﬁed training or rehabilitation exercises at training. Players were considered no longer injured on their return to
full training and deemed available for match selection.

During analysis, PDC reported TL injuries were compared with
self-reported questionnaire responses. Weekly non-TL or selfreported ‘complaints’ from players fully participating in the
training were included in the analysis. Self-reports submitted
by players engaged in modiﬁed training or rehabilitation were
excluded from the relative risk (RR) analysis but retained within
prevalence calculations. In these cases, the player would be
considered to be ‘injured’ under the TL injury deﬁnition as
they have an ‘inability to fully participate in football training
or matches’ (Fuller et al. 2006), and the self-reported injury
would relate to a pre-existing TL injury. Similarly, if a PDC TL
injury report was present in the absence of a player self-report
in the preceding week, the TL injury was excluded from the
relative risk (RR) analysis but included in the overall seasonal
total for prevalence calculations.
The ‘normal’ risk of injury was determined by calculating the
risk of a TL injury within 7 days of a self-report indicating ‘no
physical complaints’. The RR of a TL injury occurring within 7
days of a non-TL ‘minor’ or ‘moderate’ complaint was calculated
relative to the ‘normal’ injury risk. The risk of sustaining a TL
injury at a speciﬁc location was also determined relative to the
speciﬁc location of the self-reported non-TL complaint. To
account for within-subject variance due to the repeated measures and potential unbalanced nature of the data set (diﬀerences in number of survey responses by players), a generalized
estimating equation (GEE) analysis (SPSS v24, IBM, USA) was
used to examine associations between OSTRC questionnaire
injury reports for each category and occurrence of time loss
injury within 7-days. Speciﬁcally, a binary logistic regression
model (link function) was used, including a robust estimator
with an autoregressive working correlations matrix and an independent model category. The predictor variable was the OSTRC
value for that week, which was coded as an ordinal variable and
included in the model as a Factor. That is, for the participation
category, full training with no health problems = 1, full training
but with health problems = 2; reduced participation due to

between self-reported and third party injury surveillance recording
methods and further aims to; 1) determine the relative risk of
sustaining a TL injury within 7 days of reporting the presence (vs
absence) of a reported non-TL injury; 2) examine whether the
presence of a non-TL injury, in isolation, is linked injury occurrence.

Methods
Participants

Non-time loss injury data collection
The presence and impact of physical complaints on training/
match participation, performance, volume and severity were
assessed weekly (35 weeks) using the OSTRC Questionnaire on
Health Problems (Clarsen et al. 2014). The OSTRC Questionnaire
was only used to record injury occurrence, an accumulated
‘injury score’ was not calculated. A survey link was emailed to
each player at the start of each week (www.surveymonkey.
com) with instructions to complete prior to the ﬁrst training
session of the same week. Due to the ‘participation’ focus in the
Fuller et al. (2006) consensus statement for injury deﬁnition, the
‘participation’ category of the OSTRC Questionnaire was
selected to be the primary category for analysis. A TL injury
was recorded via the OSTRC Questionnaire when a report of
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health problems = 3; Cannot participate due to health problems = 4. ‘1 – Full training with no health problems’ was
used as the reference category. The response/dependent variable was the injury indicator represented ordinally (0 = no TL
injury within 7 days/1 = TL within 7 days), modelled as a Binary
logistic. Exponential parameter estimates were included to calculate odds ratio values to determine the relative eﬀects of
reporting a 2 or 3 (compared to reporting a 1) on the OSTRC
health questionnaire on the risk of sustaining a subsequent
time-loss injury (within 7 days). In the event of a missing questionnaire response, this week was excluded from analysis
regardless of whether or not a TL injury was recorded in the
following 7 day period. Where signiﬁcance was observed, subcategory analysis with RR (95% CI) was calculated and resultant
p values used to calculate the likelihood of a harmful eﬀect
statistic, accompanied by relevant probabilistic terms to
describe the clinical inference ranging from ‘most unlikely to be
harmful <0.5%’ to ‘most likely to be harmful >99.5%’ (Hopkins
2007). The predictive power of a non-TL complaint on the
occurrence of a TL injury was examined using receiver operating
characteristic (ROC) curves. The area under the curve (AUC) was
used to determine discriminatory power, with values <0.5, >0.7,
and 1.0 considered as poor, good, and perfect, respectively
(Crowcroft et al. 2016). Diagnostic accuracy and predictive
power (95% CI) were also determined via sensitivity and speciﬁcity analysis of minor and moderate complaint sub-categories
of the OSTRC Questionnaire.
OSTRC questionnaire response rates of 80% have previously
been observed in athletic groups (Clarsen et al. 2014; Harøy
et al. 2017). To accurately assess the eﬀects of minor and
moderate injury reports, a sub-group analysis of players with
>80% response rates across the season was performed. Initially,
the results of the GEE, RR and predictive characteristics of the
sub-group and entire cohort were compared. In the event that
both groups were statistically similar, an absence of bias was
assumed and further analysis of the sub-group performed to
assess the frequency of injury and reported weekly injury locations relative to PDC reports. Data are presented as absolute
and relative values. Weekly injury prevalence was determined
by calculating the percentage of injury reports relative to the
total number of players participating that week.

Results
Relative risk and time-loss injury prediction
A total of 218 players (age: 24.1 ± 4.3 years; height: 177.1 ± 5.2 cm;
weight: 74.9 ± 6.2 kg) participated in the study. A total of 3430
questionnaires were completed over the 35 week period (45%
overall compliance, mean = 98 [95% CI – 88.1 to 110.2] completed
questionnaires each week). The risk of sustaining a TL injury within
7-days of self-reported ‘no health problems’ was 6%. OSTRC
Questionnaire perceived minor and moderate eﬀects on participation, performance, volume and severity were each associated (P<
0.05) with an increased relative risk of TL injury within 7-days (Table
1). The power of a reported non-TL injury to predict the incidence
of a TL injury within 7-days was good across all OSTRC categories
(Table 1). Sensitivity, speciﬁcity and positive predictive power
values are displayed in Table 2. A cohort of 73 (33%) players
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completed >80% of the weekly questionnaires (mean = 28.5 [CI:
26.2 to 31.3] completed questionnaires each week) to form the
sub-group. In this sub-group of players, the risk of TL injury within
7-days of ‘no health problems’ was 9%. The associated injury risk
and prediction results for the sub-group are also reported (Tables 1
and 2).

Sub-group
The magnitude of the increase in risk (RR) and predictive capacity
for future TL injury was similar for the sub-group and entire cohort
(Table 2). The total number of reported ‘physical complaints’ was
2.3 times greater when comparing self-reported versus PDC methods (n = 604 vs 265). Within the self-reports, non-TL injuries were
13.2 times (516 vs. 39) higher; however, TL injuries were 2.6 times
lower (88 vs. 226) when compared to PDC data (Table 3). The
proportion and distribution of injuries were similar between methods, with 87% (PDC) and 83% (self-reported) of all injuries aﬀecting
the lower limb. The most common locations were the hamstring
(17% – PDC; 16% – self report) and knee (19% – PDC; 17% – self
report; Table 3). Overall, 68% of all TL injuries were preceded by a
non-TL report, with 94% of knee and 90% of hamstring TL injuries
preceded by a non-TL complaint in the same location. The greatest
risks were observed in the ankle and lower leg (RR = 6.8 and 6.3,
respectively; Table 3). As players were able to report multiple
locations per survey, there were more injury locations than injury
reports recorded via the OSTRC Questionnaire (Table 3).

Sub-group weekly injury prevalence
Self-reports highlighted 33% (95% CI – 31.4% to 34.6%) of all
players recorded an injury (comprising TL and non-TL injuries)
each week with non-TL complaints accounting for 28% (95%
CI – 26.4% to 29.6%) of all weekly injuries (Figure 1A). Combining
self-reported non-TL and PDC recorded TL injury reports indicates
that 49% (95% CI – 47.0% to 51.0%) of players were aﬀected by
injury each week (Figure 1B).

Discussion
To our knowledge, this is the ﬁrst study to investigate the
impact and prevalence of non-TL injuries in semi-professional men’s football. Across the cohort of 218 players, the
TL injury risk within 7 days of a self-reported minor or
moderate non-TL injury (complaint) eﬀecting performance,
participation, volume or perceived severity was three to
seven times greater compared to the absence of any complaint. Uniquely, a non-TL report across all four categories
presented ‘good’ injury prediction capacities of sustaining a
TL injury within the subsequent 7-days. A comparison of
PDC and self-reports in the compliant group indicated a
total injury prevalence more than 2 times higher within
the self-reports. As similar injury risks and predictive capacities were observed in compliant and non-compliant
groups, to facilitate a detailed analysis of the results, the
discussion relates to the ﬁndings of the compliant subgroup (n = 73).
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Table 1. Associated injury risk and injury prediction using the OSTRC Questionnaire on Health Problems (Clarsen et al. 2014) for time loss injury for the entire cohort and
sub-group.
Entire Cohort (n = 218)
OSTRC Category
Participation
Full Participation with Problems
Reduced Participation Due to Health Problems
Performance
To a minor extent
To a moderate extent
Volume
To a minor extent
To a moderate extent
Severity
To a minor extent
To a moderate extent
Sub Group** (n = 73)
Participation
Full Participation with Problems
Reduced Participation Due to Health Problems
Performance
To a minor extent
To a moderate extent
Volume
To a minor extent
To a moderate extent
Severity
To a minor extent
To a moderate extent

Association
P level
<0.0001
<0.0001
<0.0001
<0.0001

Relative Risk (RR)

Prediction
a

3.3 (CI: 2.0 to 5.8)
6.5 (CI: 3.7 to 8.9)

93.5% – likely harmful
100% – most likely harmful

4.0 (CI: 1.9 to 9.3)
5.5 (CI: 3.2 to 9.4)

93.1% – likely harmful
100% – most likely harmful

4.4 (CI: 1.9 to 5.7)
6.9 (CI: 3.2 to 10.1)

100% – very likely harmful
100% – very likely harmful

4.7 (CI: 0.01 to 11.7)
4.8 (CI: 1.1 to 15.0)

63.4% – possibly harmful
99.2% – likely harmful

2.8 (CI: 1.01 to 7.8)
5.2 (CI: 2.7 to 9.9)

95.2% – likely harmful
100% – most likely harmful

3.2 (CI: 1.01 to 10.3)
5.4 (CI: 2.78 to 10.4)

94.6% – likely harmful
100% – most likely harmful

3.5 (CI: 1.9 to 6.7)
5.9 (CI: 3.6 to 9.4)

99.9% – very likely harmful
100% – most likely harmful

3.6 (CI: 0.01 to 10.7)
5.2 (CI: 1.82 to 15.0)

64.3% – possibly harmful
99.5% – very likely harmful

<0.0001
<0.0001
<0.0001
<0.0001

Clinical Inference (Hopkins 2007)

Area Under the Curve Ɨ
0.79 (CI: 0.76 to 0.82)
0.75 (CI: 0.70 to 0.80)
0.79 (CI: 0.74 to 0.84)
0.79 (CI: 0.75 to 0.83)
0.77 (CI: 0.72 to 0.83)
0.80 (CI: 0.75 to 0.84)
0.77 (CI: 0.74 to 0.80)
0.75 (CI: 0.71 to 0.79)
0.74 (CI: 0.70 to 0.78)
0.73 (CI: 0.69 to 0.76)
0.69 (CI: 0.65 to 0.74)
0.72 (CI: 0.67 to 0.76)
0.83 (CI: 0.80 to 0.86)
0.79 (CI: 0.73 to 0.84)
0.83 (CI: 0.78 to 0.88)
0.82 (CI: 0.79 to 0.85)
0.80 (CI: 0.76 to 0.84)
0.83 (CI: 0.79 to 0.87)
0.78 (CI: 0.75 to 0.82)
0.75 (CI: 0.70 to 0.80)
0.72 (CI: 0.66 to 0.77)
0.78 (CI: 0.75 to 0.82)
0.68 (CI: 0.62 to 0.75)
0.77 (CI: 0.73 to 0.81)

a

RR of a third party reported TL injury within 7-days of the non-TL injury report within each category (95% conﬁdence intervals) **Sub-group inclusion determined by >80%
completion of OSTRC Questionnaire surveys during the season. Ɨ Area under the curve based on ROC curve analysis for each category for prediction of a time loss in 7-days
following a physical complaint (95% conﬁdence interval).

Importance of non-time loss injuries
In this study, the majority (85%) of recorded OSTRC Questionnaire
complaints were non-TL and did not prevent participation. Our
results thus highlight that including non-TL injuries substantially
increases the prevalence of ‘slight’ (0–1 day TL) injuries (‘physical
complaints’) in semi-professional football (van Beijsterveldt et al.
2015). Previously, congested match ﬁxtures have been associated
with a third of players reporting groin pain on a weekly basis
(Harøy et al. 2017). However, to our knowledge, our study is the
ﬁrst prospective study in semi-professional football to be conducted over an entire season and record all injury locations.
Therefore, given the duration of the TL and non-TL injury capture,
our ﬁndings highlight a more comprehensive injury proﬁle in semiprofessional football than previously reported.
Previously, the need to record non-TL injuries has been
questioned due to concerns over obtaining accurate and
useful data (Orchard and Hoskins 2007). However, the
results of the current study in semi-professional football,
show a non-TL physical complaint to be associated with a
2.8–5.9 fold increase in the risk of sustaining a TL injury risk
within the subsequent 7-days. Determining why this
increased risk exists is likely to be multifactorial and dependent on the origin of the player’s pain and physical discomfort (Bittencourt et al. 2016; Hainline et al. 2017a). The
presence and perceived impairment (minor or moderate)
resulting from a complaint, are likely to reﬂect the presence
of perceived pain. Importantly, the risk of a TL injury within
7-days of a reported complaint increased with elevated
perception of ‘pain’ severity. The presence of pain alters
motor patterns and muscle recruitment behaviour (Hodges

et al. 2015), which may aﬀect performance capacity and
contribute to the more serious injury risk we observed.
Pain that leads to a ‘physical complaint’ may originate
from a number of pathological issues (Hainline et al.
2017b) and the high prevalence observed in this study
reveals the pain-related issues that players in semi-professional football experience on a weekly basis. Issues associated with pain, long-term medication use, and the
development of chronic pain conditions in elite athletes
(Hainline et al. 2017a) have been identiﬁed, with the longterm health of ex-professional football players impacted by
osteoarthritis related pain (Arliani et al. 2016). When interpreting our results it is, however, important to consider that
pain is often associated with sporting injury (Meyers et al.
2001), may be present in the absence of physiological or
biomechanical pathology, and can continue after damaged
tissue has healed (Hainline et al. 2017b). Furthermore, athletes are known to have a greater capacity to perform and
participate despite pain compared with non-athletes (Tesarz
et al. 2012), and pain may be a by-product of the normal
process of a physiological overload stimulus and ensuing
fatigue (O’Sullivan et al. 2018). Regardless of the pathology,
mechanism, or origin of pain, this study highlights that the
presence of a non-TL injury clearly increased the risk of a
subsequent TL injury and suggests that reporting non-TL
injuries may be an important consideration for coaches,
players, medical and performance staﬀ in semi-professional
football.
Our ﬁndings thus support research that suggests the
complexity of injury should be considered when describing
the injury ‘problem’ and the multifactorial aetiology of
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Table 2. Diagnostic accuracy assessment for OSTRC Questionnaire on Health Problems (Clarsen et al. 2014) for each sub-category drawn from entire cohort and subgroup.
OSTRC Questionnaire Category
Entire Cohort (n = 218)
Participation
Full participation with problems
Reduced participation due to
health problems
Performance
To a minor extent
To a moderate extent
Volume
To a minor extent
To a moderate extent
Severity
To a minor extent
To a moderate extent
Sub-Group (n = 73)
Participation
Full participation with problems
Reduced participation due to
health problems
Performance
To a minor extent
To a moderate extent
Volume
To a minor extent
To a moderate extent
Severity
To a minor extent
To a moderate extent

True
False
False
True
Sensitivity (%) with Speciﬁcity (%) with Positive Predictive Value (%)
Positive (n) Positive (n) Negative (n) Negative (n)
95% CI
95% CI
with 95% CI

67
82

237
156

0
0

14
2

100.0 (100)
100.0 (100)

5.6 (2.2 to 7.1)
1.3 (0.2 to 3.1)

22.0 (19.4 to 24.8)
34.5 (31.6 to 39.3)

93
56

277
102

0
0

15
4

100.0 (100)
100.0 (100)

5.1 (2.8 to 7.3)
3.8 (2.1 to 7.9)

25.1 (21.9 to 30.0)
35.4 (30.3 to 40.9)

74
48

203
72

0
0

8
10

100.0 (100)
100.0 (100)

3.8 (1.9 to 4.9)
2.9 (1.8 to 4.1)

26.7 (21.2 to 31.9)
35.5 (30.2 to 41.8)

101
51

253
128

0
0

15
4

100.0 (100)
100.0 (100)

5.6 (2.1 to 7.3)
3.0 (1.1 to 5.1)

28.5 (23.7 to 31.5)
28.5 (25.9 to 30.2)

64
75

196
120

0
0

36
25

100.0 (100)
100.0 (100)

15.5 (10.9 to 20.2)
17.2 (11.1 to 23.4)

24.6 (19.4 to 29.8)
38.5 (31.6 to 45.3)

85
51

219
81

1
0

51
14

98.8 (96.6 to 100)
100.0 (100)

18.9 (14.2 to 23.6)
14.7 (7.6 to 21.9)

28.0 (22.9 to 33.0)
38.6 (30.3 to 46.9)

70
48

163
72

0
0

37
10

100.0 (100)
100.0 (100)

18.5 (13.1 to 23.9)
12.2 (5.1 to 19.2)

30.0 (24.2 to 35.9)
40.0 (31.2 to 48.8)

92
50

203
85

1
0

54
26

98.9 (96.8 to 100)
100.0 (100)

21.0 (16.0 to 26.0)
23.4 (15.5 to 31.3)

31.2 (25.9 to 36.5)
37.0 (28.9 to 45.2)

Table 3. Sub-Group time-loss Injury reports and associated relative risk following a previous physical complaint. Data presented according to location using third party
(Football Consensus) (Fuller et al. 2006) and self-reporting method (OSTRC Questionnaire on Health Problems) (Clarsen et al. 2014).
Football Consensus

OSTRC Participation Category

Time Loss – 3 Party
Method
6 (3)
2
3 (1)
3 (1)

Total – Self
Report
4
11 (1)
18 (2)
27 (3)

Non-Time Loss – Self
Report
2
11 (1)
14 (2)
23 (3)

4 (2)
1
11 (5)

16 (2)
0
76 (9)

15 (2)
0
69 (9)

26 (12)

138 (16)

128 (17)

Thigh

64 (28)

189 (22)

163 (21)

Hamstring

39 (17)

136 (16)

116 (15)

Quadriceps

25 (11)

58 (7)

52 (7)

Knee

43 (19)

149 (17)

122 (16)

Lower leg/Achilles
tendon
Ankle

28 (12)

89 (10)

78 (10)

22 (10)

59 (7)

52 (7)

Foot/toe

10 (4)

38 (4)

36 (5)

226
226

604
871

516
771

rd

Injury Location
Head/face
Neck/cervical spine
Shoulder/clavicle
Sternum/ribs/upper
back
Hand/ﬁnger/thumb
Wrist
Low back/
sacrum/pelvis
Hip/groin

Total Injury Reports
Total Injury Locations

Relative Risk
(RR)a
-

Clinical Inference
(Hopkins 2007)

1.9 (CI: 0.2 to 64.8% – possibly harmful
19.5)
3.5 (CI: 2.4 to
100% – most likely
5.2)
harmful
5.2 (CI: 2.2 to
99.8% – most likely
12.5)
harmful
4.7 (CI: 2.0 to
99.7% – most likely
11.0)
harmful
5.8 (CI: 1.4 to
96.9% – most likely
24.9)
harmful
3.6 (CI: 2 to 6.1)
100% – most likely
harmful
6.3 (CI: 0.1 to
75.7% – likely harmful
375.8)
6.8 (CI: 0.1 to
77.1% – likely harmful
376.0)
1.3 (CI: 1.1 to
96.2% – very likely
1.5)
harmful

Factor – Non-Time
Loss/Time Loss**

6.3
4.9
2.5
3.0
2.1
2.8
2.8
2.4
3.6
2.3

RR – of a third party reported time loss injury occurring within 7 days following a self-reported non-time loss injury (determined on injuries with prevalence ≥5%; 95%
conﬁdence intervals. Normal risk = 10%) ** Factor = Total Non-time loss injury via OSTRC Questionnaire/Total Time Loss via Football Consensus (only locations with >10
time loss injuries included). Values within brackets show percentage of total injury locations (below 1% not shown)

a

incidence (Bittencourt et al. 2016; Bolling et al. 2018). In this
study, self-reports increased the detail of an injury occurrence and encapsulated symptom severity and provided

insight into the physical state of a player preceding a
more severe injury resulting in TL. Therefore, our ﬁndings
demonstrate a simple method to enhance the ﬁrst stage of
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Figure 1. Prevalence of all injuries (dark grey) and non-TL only injuries (light grey) recorded by the weekly self-reported injury OSTRC Questionnaire on Health Problems
(A); Combining both injury surveillance methods – Self-reported and Third Party (B).

the injury prevention cycle illustrated by Van Mechelen (Van
Mechelen and Hlobil 1992).

Another tool in the injury risk reduction tool box?
The complex and multifactorial nature of injury (Bittencourt
et al. 2016) challenge practitioners and researchers to
search for tools that identify players at increased risk of
injury, and to implement methods to mitigate this risk
(Windt and Gabbett 2017). The results of this study suggest
that the OSTRC Questionnaire may assist in identifying highrisk players in semi-professional football. Indeed, improving
communication between key stakeholders within a club can
reduce injury incidence and sustain player availability
(Ekstrand et al. 2019).

Uniquely, the presence of a non-TL injury in this study
displayed ‘good’ predictive power for future injury, suggesting that non-TL injuries or ‘complaints’ can classify ‘high
risk’ players who may require an injury risk reduction intervention (McCall et al. 2017). The strong associations
observed between non-TL reports preceding a TL injury in
the same location (Table 3), suggest it may also be possible
to identify location-speciﬁc injury risks. However, the current
research does not allow us to accurately determine whether
the TL injury suﬀered was a direct result of a worsening of
an issue in the same location or related to a separate issue
in a diﬀerent location. Notably, all OSTRC questions were
associated with identifying at risk players to similar degrees,
suggesting that a single question could be equally eﬀective.
Reducing questionnaire burden may also facilitate compliance. The positive predictive values of 24.6% to 40%
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(increasing as reported symptom severity increased) associated with the risk of injury were substantially greater than
the 1.8% to 3.8% workload-related risks observed in professional football (McCall et al. 2018). However, whilst good at
capturing players at increased risk (high sensitivity), considering the presence of non-TL injury for the prediction of a
TL injury resulted in a high number of false positive results
(low speciﬁcity). Considering non-TL injury reports in isolation to predict injury is not recommended, however using
the OSTRC Questionnaire as an early identiﬁcation tool to
prevent minor injuries progressing to more signiﬁcant ones,
i.e. a secondary prevention tool, may be beneﬁcial. As such,
a non-TL complaint may be considered as a ‘ﬂag’ to open
player-coach/medical staﬀ communication and assist in
injury risk reduction.

Football consensus method vs OSTRC Questionnaire on
Health Problems
Despite the lower capture of TL injury data, 2.3 times more
total physical complaints were captured using the OSTRC
Questionnaire, with a third of players reporting a physical
complaint of varying severity each week. Our ﬁndings thus
suggest that the Football Consensus method of injury surveillance underestimates the number of ‘slight’ (0–1 day TL)
injuries sustained in semi-professional football and is consistent with previous research (Harøy et al. 2017). This result
is likely a consequence of methods that rely on players
reporting injuries to a medical staﬀ member (Fuller et al.
2006). In professional sport, reporting medical complaints is
perceived to be an issue (Bjørneboe et al. 2011), and is
likely exacerbated in semi-professional sport due to
decreased medical access (van Beijsterveldt et al. 2015).
The increased prevalence of self-reported non-TL injuries
observed in this study was thus a likely consequence of
providing the opportunity to report complaints indirectly
(Møller et al. 2017).
Despite the increased prevalence of non-TL injuries
observed within self-reports recorded, PDC’s in this study
recorded >2.5 times the number of TL injuries compared
with self-reports. The consistent capture of this TL injury
data is essential to determine severity proﬁles and burden
associated with injury (Bahr et al. 2018) and our results thus
also highlight the importance of third-party injury surveillance methods. There are a number of possible explanations
for the observed TL report discrepancy, (i) an injured player
who did not attend at training that week may have failed to
complete the survey; (ii) players may have perceived TL
injury disclosure may aﬀect their eligibility for selection
(Ekegren et al. 2014), and (iii) player and PDC deﬁnitions
of time-loss may have diﬀered, e.g., a player in modiﬁed
training may perceive they have returned to play, yet the
PDC worked under a deﬁnition of returning to full training
(Bjørneboe et al. 2011). The third party method of TL injury
recording outlined in the Football Consensus (Fuller et al.
2006) thus better facilitates thorough TL injury recording
with a consistent injury deﬁnition and addresses the limitations associated with questionnaire compliance.

7

Limitations
Despite the clear association between non-TL injuries and
occurrence of a TL injury in this study, a number limitations
should be acknowledged.
The low compliance rate of players (33%) completing the
weekly survey in this study highlights a potential barrier for the
use of the OSTRC Questionnaire for both injury surveillance and as
a potential risk identiﬁcation tool. This issue has also been
observed in other athletes with survey compliance over 12 weeks
reported as 52% (24/46 players) (Møller et al. 2017). However, given
the similarity of the results we observed between the entire cohort
and the sub-group, we do not believe that there is an issue in
generalising our results on a larger scale. Methods to improve buyin to self-reported player monitoring methods are thus required.
Adopting smartphone technology may improve compliance
(Møller et al. 2017; Harøy et al. 2017) and allow sessional or daily
application of the survey.
The delivery design of the OSTRC Questionnaire presents
a limitation to the use of the questionnaire for injury ‘prediction’ with multiple injury locations able to be recorded
each week. Whilst 90% of all TL hamstring injuries in this
study were preceded by a non-TL hamstring complaint, 33%
of these preceding complaints included more than one
location, and it has been suggested that pain at locations
distal to a TL injury site may impact on future injury risk
(Wilke et al. 2019). As such, it is not possible to conclusively
determine whether the subsequent TL hamstring injury was
always a progression of the reported non-TL hamstring
injury, or was related to the non-TL injury in a diﬀerent
location. To further evaluate the eﬃcacy of using the
OSTRC Questionnaire for injury prediction, more frequent
application is necessary.
We also acknowledge that diﬀerences in i) coaching
styles (Ekstrand et al. 2018), ii) previous injury history and
physical ﬁtness levels (Windt and Gabbett 2017) and iii)
workloads preceding a TL injury (McCall et al. 2018) were
each uncontrolled extraneous variables that may have
impacted TL injury risk and non-TL injury prevalence including that were not considered in the analysis in this study.
Additionally, the translation of the ﬁndings from this study
to the professional setting may be limited. In the professional setting, players are likely to be monitored far more
closely than in semi-professional football. However, the
results may suggest that the use of changes in pain reports
commonly collected in daily monitoring in the professional
setting (Thorpe et al. 2017), may have potential in secondary injury prevention strategies and requires further investigation. Finally, the treatment received by players for non-TL
injuries or TL injuries was not monitored and it is possible
that players may have had access to diﬀering medical provision. Furthermore, players that received treatment may have
‘self-reduced’ their injury risk by addressing non-TL
complaints.

Conclusion
In this study, the OSTRC Questionnaire combined with
Football Consensus third party methods substantially
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improved injury surveillance, which may assist in injury risk
reduction program design. Weekly non-time loss physical
complaints were high in semi-professional football with
49% of all players aﬀected by a physical complaint of varying severity (TL or non-TL) each week. TL injury risk was 3 to
6 times higher when preceded (<7days) by self-reported
non-TL physical complaints that have minor and moderate
impacts on participation, performance, training volume or
perceived severity. Importantly, the presence of a non-TL
injury had good injury prediction capacity for the incidence
of a TL injury within the following week.

Practical Implications
The combination of third party and self-report injury reporting
methods greatly increases the capture of injury data in semiprofessional football. Importantly, the presence of a non-TL
injury is associated with an increased risk of a TL injury and
good predictive power relative to a future TL injury occurrence. Therefore, it is suggested that the OSTRC
Questionnaire, in addition to improving injury surveillance, is
a useful tool for secondary injury prevention and can be used
to assist in player monitoring. The similar results observed
across each of the four OSTRC Questionnaire categories does
however suggest that a single question may suﬃciently identify high-risk players, a strategy that might facilitate player
compliance.
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Although the 11+ program has been shown to reduce injuries in sub‐elite football,
program compliance is typically poor, suggesting that strategies to optimize delivery are necessary. This study investigated the effect of rescheduling Part 2 of the
three‐part 11+ program on program effectiveness. Twenty‐five semi‐professional
football clubs were randomly allocated to either a Standard‐11+ (n = 398 players)
or P2post group (n = 408 players). Both groups performed the 11+ program at least
twice a week throughout the 2017 football season. The Standard‐11+ group performed the entire 11+ program before training activities commenced, whereas the
P2post group performed Parts 1 and 3 of the 11+ program before and Part 2 after training. Injuries, exposure, and individual player 11+ dose were monitored throughout
the season. No significant between group difference in injury incidence rate (P2post
vs Standard‐11+ = 11.8 vs 12.3 injuries/1000 h) was observed. Severe time loss
injuries > 28 days (33 vs 58 injuries; P < .002) and total days lost to injury (4303 vs
5815 days; P < .001) were lower in the P2post group. A higher 11+ program dose was
observed in the P2post (29.1 doses; 95% CI 27.9‐30.1) versus Standard‐11+ group
(18.9 doses; 95% CI 17.6−20.2; P < .001). In semi‐professional football, rescheduling Part 2 of the 11+ program to the end of training maintained the effectiveness of
the original 11+ program to reduce injury incidence. Importantly, rescheduling Part
2 improved player compliance and reduced the number of severe injuries and total
injury burden, thereby enhancing effectiveness of the 11+ program.
KEYWORDS
11+, FIFA 11+, football, injury prevention, soccer
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IN T RO D U C T ION

Football is a contact sport characterized by periods of high‐
intensity activity, which carries an inherent risk of injury.1-3
While participation in football is associated with improved
health,4 injury is often the reason players discontinue participating in the sport, leading to longer term disability and
substantial medical costs.5 The high injury incidence and
burden observed in sub‐elite football6 suggest there is a need
to develop injury prevention strategies. Importantly, injury
prevention strategies may not only help maintain long‐term
Scand J Med Sci Sports. 2019;00:1–11.

player participation but also reduce health costs associated
with sporting injury,5 a finding that has been specifically
observed following implementation of the 11+ program in
amateur football.7,8
The 11+ program was developed and disseminated by
Fédération Internationale de Football Association (FIFA) to
reduce football injuries. The program consists of three parts;
Parts 1 and 3 focus on running‐based activity including dynamic actions and accelerations, whereas Part 2 focuses on
strengthening and neuromuscular control exercises. The 11+
program was designed to be delivered as a 20‐ to 25‐minute
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“warm‐up” before commencing other training activities,
without the need for specialized expertise or equipment. This
is important for sub‐elite sports where resources are typically
scarce with limited access to staff6,9 and, as a result, injury
prevention programs are usually coach‐led.10 Previous research has shown that injury rates can be reduced by ≥ 40%
when players complete the 11+ program at least twice per
week,11 with higher program compliance and dose exposure
associated with increased program effectiveness.12 However,
despite the proven effectiveness of the 11+ program, only
10% of FIFA’s member associations have endorsed the
program and several studies highlight low 11+ program
compliance.13-15
Poor adoption and compliance rates of the 11+ program
have been explained by (a) the time required to complete and
boredom associated with the program,10,16 (b) fatigue and
soreness caused by exercises contained in Part 2,10,15-17 and
(c) a lack of awareness and knowledge of how to perform the
program.16,18 Furthermore, given the importance of strengthening exercises in reducing injury risk,19 it is concerning
that research has shown that the strengthening exercises performed in Part 2 of the 11+ program are often modified or
not performed.15 Potential fatigue caused by the exercises in
Part 2 may contribute to why compliance to the full 11+ program is poor,15 with fatigue considered by practitioners to
be a primary injury risk factor in football.20,21 Interestingly,
it has been found that performing an exercise in Part 2, the
Nordic Hamstring Exercise (NHE), prior to football activity
exacerbates eccentric hamstring fatigue,22,23 although administering these exercises after training did not affect the exercise stimulus. Furthermore, rescheduling the NHE to the end
of training not only maintained the effectiveness of the NHE

WHALAN et al.

in terms of improving eccentric hamstring strength24 and
reducing hamstring muscle injury incidence,22 but was also
associated with enhanced compliance to the intervention.24,25
These findings from one exercise may suggest rescheduling
Part 2 of the 11+ after training as a practical alternative to address identified barriers to implementation, such as program
duration, exercise difficulty/fatigue, and boredom.
Exploring ways to ensure that all three components of the
11+ program (Parts 1, 2, and 3) are performed, including the
strengthening exercises in Part 2, could therefore improve
program effectiveness, although research is required to confirm or refute this notion. Therefore, the aim of this study
was to determine whether rescheduling the 11+ program,
such that Parts 1 and 3 are performed at the beginning, and
Part 2 at the end of training, affected program effectiveness,
compared with the Standard 11+ program performed in its
entirety at the beginning of training.

2
2.1
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M ATERIAL S AND M ETHOD S
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Participant recruitment

Twenty‐five sub‐elite football clubs, each comprising 2‐3
teams, volunteered to participate in the study during the 2017
season. The clubs consisted of 4 Tier 2 (National Premier
League) and 21 Tier 3 (Regional League) clubs in which all
players received payment to play. Club and player recruitment and engagement were performed according to the
Sports Setting Matrix,26 which was developed to help identify key stakeholders and “levels” of engagement required
for successful implementation of an injury prevention program.26 In this study, this involved gaining approval from

F I G U R E 1 Consolidated standards of
reporting trials (CONSORT) diagram of the
flow of participants in the study
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the National and State Federations, engaging with regional
associations and presenting to club officials, coaching staff,
and players about the study. Before data collection, all players provided signed informed consent. All procedures were
approved by the University of Wollongong Human Research
Ethics Committee (15/340).
Clubs were randomly allocated to either: (a) Standard‐11+
or (b) a P2post groups. All groups were instructed to complete the full 11+ program a minimum of twice per week at
training, and Parts 1 and 3 before matches (Figure 1). The
Standard‐11+ group performed all three parts of the 11+
program at the start of training as a warm‐up, whereas the
P2post group were instructed to perform Parts 1 and 3 at the
start of training as a warm‐up and Part 2 of the 11+ program
at the end of training during the cool down period. Coaches
and players were permitted to include additional exercises,
including those involving a ball, into the warm‐up and cool
down once the 11+ exercises were completed.

2.2 | Training to implement the
11+ program
Before implementing the 11+ program, the chief investigator (MW) presented information to coaches, club officials,
and medical staff about (a) the rate and burden of injury in
sub‐elite football, (b) the 11+ program and its effectiveness,
(c) barriers affecting uptake of the 11+ program, (d) coach
education regarding the importance of their role in 11+ program adoption,8,27 (v) when to progress the 11+ exercises,
and (e) the role of the primary data collector (PDC) in program delivery. Coaches and medical staff were also shown
videos of all exercises in the 11+ program, given explanations for the purpose and required technique for each exercise in the program, instructed on the process and criteria for
stage progress in Part 2, and informed of the positive impact
coach delivery has upon effectiveness of the program.28 The
11+ program instructions allow players to progress through
the three stages of Part 2 as they felt comfortable, on the
grounds that the coach and/or PDC were satisfied with their
exercise technique. However, we applied progression restrictions in accordance with previous research,29 whereby
players remained at Level 1 of Part 2 for a minimum of
2 weeks initially and progressed to Level 3 after a minimum
of 6 weeks. In the event a player missed a week of training
due to injury, they were required to return to a lower level
of Part 2 for a minimum of 1 week. At the information sessions for club officials and coaches, it was made clear that
the PDC would be trained in implementing the 11+ program
and would attend training sessions to coordinate the program. Coaches were not required to deliver the program, but
were encouraged to support its implementation. Paper and
digital copies of the 11+ poster and field set up cards were
also provided.

|
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2.3 | Program compliance and injury
data collection
To determine the effectiveness of rescheduling Part 2 of the
11+ program, individual player exposure to the 11+ program
was monitored. Given the cluster randomized controlled experimental design adopted, in which players were instructed
to complete a specific set of exercises, the term “compliance”
was used to assess player dose exposure and was used as a
continuous predictor for analysis.30 A player was deemed to
have performed the 11+ only when they completed all components of the program during that session. Data pertaining
to program compliance and player injuries for each participating team were collected by an allocated onsite primary
data collector (PDC), a qualified sports trainer, who attended
all training sessions and matches.31,32 All PDCs completed
at least 6 hours of training including how to record program
compliance, injury and exposure data recording, injury definitions, and details regarding the correct delivery of the 11+
program (see Appendix S1 for operational definitions).6
Training included scenario‐based examples, and the primary
researcher (MW) was in weekly contact with PDCs during
the season to review data collected. A time loss injury was
defined as an “injury that results in a player being unable
to fully participate in matches or training.”31 Players were
deemed to have recovered from injury once they had returned
to full training/match participation or were considered eligible for team selection.31 Injury records were obtained during
all training sessions (2‐3 per week) and matches including
preseason, in‐season, and finals (28‐34 weeks).
The primary outcome variables for this study included
program compliance, represented by the total 11+ dose
per player, and program effectiveness in reducing injury.
Program effectiveness was represented by injury count (total
number of injuries), injury severity, injury incidence (total
number of injuries/total football exposure (h) × 1000 h), the
number of days lost to injury, and injury type, locations, and
mechanisms. Injury burden was then calculated (injury incidence × mean absence (days) per injury).33

2.4

|

Statistical analysis

To account for the potential club cluster effect on outcomes,
a generalized estimated equation (GEE) was performed with
Poisson distribution used to assess between group differences
in injury count, injury severity, and days lost to injury, with
participant group, 11+ dose, and total soccer exposure (h)
entered as predictor variables. A second GEE was performed
to determine significant differences between the two groups
(Standard‐11+ and P2post) for 11+ dose exposure with participant group and exposure imputed as predictor variables. A
Mann‐Whitney U test was used to assess differences between
11+ doses for each group (SPSS v25, IBM).
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TABLE 1

Variable

Standard‐11+ Group
(n = 398)

P2post Group
(n = 408)

Player characteristics & positions

(mean [95% CI])

(mean [95% CI])

Age (years)

24.8 [24.0,25.6]

23.8 [23.0,24.7]

.218

Height (cm)

176.9 [176.2,177.6]

178.3 [177.5,179.1]

.061

Weight (Kg)

79.3 [78.9,79.7]

78.3 [77.9,78.7]

.120

Goalkeepers (%)

10.1

9.9

Defenders (%)

32.2

32.3

Midfielders (%)

32.7

31.2

Strikers (%)

25.0

26.6

Player exposure & compliance

(mean [95% CI])

(mean [95% CI])

Total football exposure (h)

26 062.1

28 541.4

.972

Total training sessions (n)

51.6 [50.3,52.9]

49.7 [48.6, 50.9]

.721

Total 11 + player doses (n)

7625

11 871

.004*

Total 11 + player dose (sessions)

18.9 [17.6, 20.2]

29.1 [27.9, 30.1]

<.001*

11+ player dose/training Session (%)

32.7 [31.1, 34.3]

57.7 [56.2, 59.2]

‐

11+ Player dose/Exposure (h)

0.27 [0.26, 0.28]

0.42 [0.41, 0.43]

‐

Injury count

n (% total)

n (% total)

Total injuries (n)

320 (48.7)

337 (51.3)

.825

*

*

.026*

P value

Days lost to injury (n)

5815

Injury severity

n (% total)

n (% total)

Minimal: 1‐3 days lost

60 (19)

95 (28)

.335

Mild: 4‐7 days lost

93 (29)

104 (31)

.832

Moderate: 8‐28 days lost

108 (34)

105 (31)

.881

Severe: >28 days lost

59 (18)

33 (10)

.012*

4303

Player exposure,
compliance, injury count, and severity for
participants in the Standard‐11+ and P2post
group

*Significant difference between the Standard‐11+ and P2post groups.

Injury incidence rate (IIR) ratios (±95% confidence intervals [CI]) were calculated to compare injury locations and
types between the groups. In addition, IIRs were also determined for a subset of players (Standard‐11+, n = 185 and
P2post, n = 226) who participated in a previous surveillance
season (2016), in which no club implemented the 11+ or any
other known injury prevention program.6 Therefore, the data
collected in 2016, which was conducted by the same research
team and collection procedures, served as baseline, pre‐intervention data pertaining to injury incidence. All IIR ratio
analysis was performed via Hopkin's “compare and combine” analysis to determine clinical inference ranging from
“most unlikely to be beneficial < 0.5%” to “most likely to be
beneficial > 99.5%.”34
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R ES U LTS

A total of 806 male players consented to participate in this
study with 398 players in the Standard‐11+ group and 408
players in P2post (Table 1). Player football exposure, compliance and injury incidence, and severity for participants in

the Standard‐11+ and P2post groups are presented in Table
1. A total of 657 time loss injuries were recorded during
54 604 hours of football exposure (training and matches combined) across both groups. A similar number of time loss injuries were observed in both groups. However, significantly
higher 11+ dose, a lower number of severe injuries and correspondingly lower total number of days lost to injury were
observed in the P2post group compared with the Standard‐11+
group (Table 1).
The injury location differed between participant groups,
with a significantly lower incidence of ankle and recurrent injuries in the P2post group, whereas the incidence of quadriceps
muscle and contusion injury was lower in the Standard‐11+
group (Table 2). Total injury burden was also lower in the
P2post group, with lower time lost (days) associated with non‐
contact, recurrent, and hamstring muscle injuries compared
with the Standard‐11+ group (Tables 3 and 4). There was
also a significantly lower incidence of non‐contact ankle injury injuries in P2post (Table 4).
Comparing the subset of the current data (Total combined IIR = 12.5 injuries/1000 h; Standard‐11+ IIR = 12.3
injuries/1000 h, total injuries = 206; P2post group IIR = 12.9

40

0.4 [0.1,0.9]
0.4 [0.1,0.8]
0.3 [0.1,0.7]

10

10

9

Other bone injury

Meniscus/cartilage

320

67

Total injuries

5.1 [4.7,5.5]

132

Contact

Recurrent
12.3 [10.4, 14.1]

2.6 [2.1,2.9]

7.3 [7.0,7.5]

189

Non‐contact

Injury mechanism

Tendon injury

0.5 [0.2,0.8]

13

Fracture

1.5 [1.2,1.8]

38

Hematoma/contusion

3.3 [3.0,3.7]

85

5.2 [4.7,5.4]

Sprain/ligament
injury

Muscle injury/strain

1.5 [1.1,1.9]

337

48

161

177

12

7

9

10

64

77

139

47

50

39

60

34

45

79

No. of Injuries

P2post Group

11.8 [10.1, 13.9]

1.7 [1.4,2.1]

5.6 [5.2,5.9]

6.2 [5.8,6.6]

0.4 [0.1,0.8]

0.2 [0.08,0.5]

0.3 [0.1,0.6]

0.4 [0.2,0.9]

2.2 [1.9,2.5]

2.7 [2.5,3.0]

4.9 [4.4,5.3]

1.6 [1.1,2.1]

1.8 [1.6,2.1]

1.4 [1.1,1.6]

2.1 [1.9, 2.4]

1.2 [0.9,1.4]

1.6 [1.3,1.8]

2.8 [2.5, 3.0]

IR per 1000 h [95%
CI]

1.0 [0.8 to 1.1]

0.7 [0.5, 0.9]

1.1 [0.9, 1.4]

0.9 [0.7, 1.1]

1.2 [0.5, 2.9]

0.6 [0.2, 1.7]

1.0 [0.4, 2.5]

0.7 [0.3, 1.6]

1.5 [1.0 to 2.3]

0.8 [0.6 to 1.1]

0.9 [0.7, 1.2]

1.1 [0.7, 1.6]

1.1 [0.7, 1.7]

0.7 [0.4, 0.9]

0.9 [0.7, 1.3]

1.8 [1.0, 3.7]

0.8 [0.5, 1.2]

1.1 [0.8, 1.5]

IRR [95% CI]a

b

IRR—incidence rate ratio for injury incidence (P2post group: Standard‐11+ group).
Clinical inference of P2post is more beneficial/harmful than the Standard‐11+ determined from IRR via Hopkins “combine and compare” analysis.34

a

1.6 [1.4,1.7]

41

Hip/groin

Lower leg/Achilles
tendon

135

2.3 [2.1,2.5]
2.1 [1.9,2.4]

59

55

Knee

Ankle

Injury type

0.7 [0.5,0.9]

17

Quadriceps

2.0 [1.8,2.2]

68

51

2.6 [2.4,2.7]

IR per 1000 h [95%
CI]

Thigh

No. of Injuries

Standard‐11+ Group

Injury pattern, incidence rate, and rate ratios for participants in the Standard‐11+ and P2post Groups

Hamstrings

Injury location

TABLE 2

.579

.242

.332

.367

.832

.765

.891

.832

.116

.812

.882

.745

.618

.132

.857

.098

.370

.806

P value (No. of
Injuries)

Likely trivial

Likely beneficial

Very likely trivial

Possibly beneficial

Unclear

Unclear

Unclear

Unclear

Likely harmful

Possibly beneficial

Very likely trivial

Possibly trivial effect

Likely trivial effect

Possibly beneficial

Likely trivial effect

Possibly harmful

Possibly beneficial

Unclear

Clinical Inference IRRb
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TABLE 3

Injury burden and days lost to injury for participants in Standard‐11+ and P2post Groups
Standard‐11+ group

P2post group

Days lost per
1000 h

Days lost per
1000 h

Total days lost

Total days lost

P value (Total
days lost)

Injury location
Thigh

45.7

1133

28.5

843

.058

Hamstrings

39.3

1001

19.6

559

.006*

Quadriceps

6.2

162

8.9

254

.464

Knee

60.7

1622

41.7

1190

.203

Ankle

30.4

797

17.2

490

.300

Hip/groin

20.8

535

19.2

547

.867

Lower leg/Achilles tendon

26.4

697

13.6

371

.127

Muscle injury/strain

75.6

1970

48.7

1390

.080

Sprain/ligament injury

66.0

1720

53.9

1538

.121

Hematoma/contusion

11.1

290

13.6

385

.277

Fracture

26.2

682

15.8

450

.812

5.8

151

3.4

96

.572

Injury type

Other bone injury
Meniscus/cartilage

7.1

185

5.1

146

.652

12.6

329

4.9

140

.865

128.3

3377

72.5

2099

.010*

Contact

94.9

2472

78.2

2166

.564

Recurrent

55.4

1445

18.2

519

.009*

223.1

5815

150.8

4303

.026*

Tendon injury
Injury mechanism
Non‐contact

Total

*Statistically significant difference between the Standard‐11+ and P2post groups.

injuries/1000 h, total injuries = 171) to the 2016 baseline injury incidence data (IIR = 19.9 injuries/1000 h, total injuries = 558)6 showed that both the Standard and P2post groups
displayed reduced injury rates of 38% and 35%, respectively,
to the 2016 injury incidence (IRR = 0.63; 95% CI–0.48‐0.68;
clinical inference—very likely beneficial; 99.3%).

4
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D IS C U SS ION

This is the first study to evaluate whether manipulating delivery of the 11+ program can enhance program effectiveness
and compliance. Simply rescheduling, such that Parts 1 and 3
are performed at the beginning and Part 2 of the 11+ program
at the end of training, reduced the severity and burden associated with the most common injuries observed in football,
while increasing individual player 11+ dose. The specific effects of rescheduling are discussed below.

4.1

|

Effect on program effectiveness

Irrespective of how the 11+ program was scheduled, the
injury incidence rate was reduced (Standard‐11+ = 38%

reduction; P2post = 40% reduction compared with 2016 baseline) in this study. These reductions were consistent with previous research,6,11 and our results show that the 11+ program
is equally as effective in reducing injury incidence in football,
whether performing all three parts collectively at the start of
training or with Part 2 rescheduled until the end of training.
There were, however, a significantly lower total number of
severe injuries and days lost to injury observed in the P2post
group in this study. Players in the P2post group performed the
11+ more frequently than the Standard‐11+ group, which
may have resulted in greater physiological adaptions to the
11+ in the P2post group. The 11+ has been shown to result in
both acute and chronic performance benefits, including speed
and agility, in addition to potential injury reduction effects,
such as improving strength, balance, muscle activity, and
core stability.29,35,36 It is therefore plausible that the benefits
observed in the P2post group are related to a dose effect, rather
than any physiological changes in response to the scheduling
of exercises.
Performing the exercises contained in Part 2 of the 11+
before training is the source of most concern for practitioners
and is the most modified component of the 11+.15 As such, investigating methods to improve compliance and effectiveness

  

.237
.238
Unclear

b

a

Muscle injuries only included structural and functional injuries (ie, muscle injuries excluded contusions, hematoma, and tendon‐related injuries).
IRR—incidence rate ratio for injury incidence (P2post group: Standard‐11+ group).
c
Clinical inference determined from IRR via Hopkins “combine and compare” analysis.34
*Statistically significant difference between the Standard‐11+ and P2post groups.

0.4 [0.1, 0.6]
474
9.1
0.06 [0.01, 0.2]
3
1280
22.3
0.15 [0.01,
0.4]
8

.131
Likely beneficial
0.6 [0.3, 0.9]
441
15.5
1.1 [0.7, 1.7]
31
659
25.3
1.7 [1.1,2.5]
45
Ankle

Non‐contact ligament

Anterior Cruciate
Ligament Rupture

.449

.231
.556
Unclear
0.8 [0.4, 1.5]
151
5.2
0.8 [0.4,1.4]
23
286
11.0
27
Lower leg

1.0 [0.6,1.5]

.882

.580
.999

.678
Possibly trivial

Unclear
1.0 [0.4, 2.4]

1.1 [0.7, 1.8]
404

116
3.2

13.6
1.3 [0.9,1.8]

0.4 [0.1,1.1]
11

38
456

121
4.6

15.3
1.2 [0.7,1.9]

0.4 [0.1,0.9]
10

34

Quadriceps

Hip/groin

.010*

.005*
.285

.395
Possibly beneficial

Possibly beneficial
0.7 [0.5, 1.1]

0.8 [0.5, 1.1]
672

552
17.0

20.1
1.8 [1.4,2.2]

1.4 [1.0,2.0]
44

56
1092

937
35.8

22.1
2.3 [1.7,2.7]
56
Thigh

Non‐contact muscle

1.9 [1.3,2.5]

IR per 1000 h
[95% CI]
No. of
injuries

49

P value
(No.
Injuries)
Clinical Inferencec
‐ IRR
IRRb [95%
CI]
Total
days
lost
Days
lost per
1000 h
IR per 1000 h
[95% CI]
No. of
Injuries

P2post group

Total
days
lost
Days
lost per
1000 h
Standard 11+ group

Musclea and ligament injury pattern, incidence, and burden for participants in the Standard‐11+ and P2post groups

TABLE 4

Hamstrings

P value
(Total
days lost)
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of exercises in Part 2 of the 11+ program such as the Nordic
Hamstring Exercise (NHE), which is known to reduce the
risk of hamstring injuries,37 is important for improving adoption.38 Previous research has suggested that the scheduling
of the NHE has no impact upon chronic strength gains, albeit the muscle architectural mechanism seems to differ.24 In
the current study, however, the incidence of hamstring injury
was similar in the Standard‐11+ and P2post groups, and collectively 50% lower than our previous research,6 suggesting
that scheduling of the NHE does not impact effectiveness.
Performing NHEs prior to training can, however, transiently
reduce eccentric hamstring strength, which can in turn increase injury risk.22 This can contribute to negative perceptions of the 11+ because fatigue and soreness from the
NHE are reported barriers to 11+ program adoption.10,16,17
Performing NHEs at the start of training in the Standard‐11+
group did not increase training‐related hamstring injury risk
with most hamstring injuries occurring during matches.
Interestingly, however, a significantly lower time lost, and
subsequently severity, of hamstring injury was observed in
the P2post group. This finding was in contrast to previous research in which the inclusion of the NHE was not associated
with a reduction in hamstring injury severity.25 Considering
our finding and research that has shown hamstring eccentric
strength decreases as a match progresses,39 performing the
NHE, as a component of a larger injury prevention program,
after training might be an effective strategy for reducing hamstring injury incidence and burden.
A significantly lower incidence of ankle injuries was also
observed in the P2post group relative to their Standard‐11+
counterparts. Ankle sprains most commonly occur in the later
stages of matches,40 with ankle function changing under fatigue.41 Exercises that focus on improving balance have been
shown to be more effective when performed after football
training42 and therefore suggest that performing the ankle stability exercises in Part 243 at the end of training, in addition
to the higher dose exposure, is likely to have improved the effectiveness of this component of the 11+ program. However,
the P2post group incurred a significantly higher quadriceps
injury incidence compared with the Standard‐11+ group.
The higher quadriceps injury incidence was a consequence
of a significantly higher number of anterior thigh contusion
injuries incurred by the P2post (23 vs 7 injuries), whereas
non‐contact quadriceps muscle strains were similar between
groups. The 11+ program is designed to reduce non‐contact injuries.44 Therefore, the higher quadriceps injury incidence in the P2post group is unlikely the result of the program
rescheduling.
Recurrent injuries are problematic in sub‐elite football
with inadequate recovery, poor physical conditioning on return to play, and a lack of access to medical care believed
to contribute to the high incidence rate.6,9,45 Interestingly,
recurrent injury incidence and time lost to recurrent injury

8
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were significantly lower in the P2post group compared with
the Standard‐11+, and both groups had a lower injury incidence when compared to the 2016 cohort.6 Previous research
has shown that increased compliance to strength programs is
associated with reduced injury incidence.12,19 Our results additionally suggest that rescheduling the exercises in Part 2 so
that they are performed more regularly reduces ankle injury
incidence, hamstring injury severity, and injury recurrence.
We speculate that by significantly reducing the number of
severe injuries and reducing time lost to injury, players in the
P2post group returned to training earlier, increased their exposure to the 11+ program as well as to football training, and,
in turn, reduced the injury risk caused by de‐training for the
most common injuries in football.6,29,45-47
To our knowledge, this study is the first to analyze the injury burden associated with the 11+ program, allowing for an
examination beyond injury incidence.33 A 33% lower injury
burden was observed in the P2post group compared with both
the Standard‐11+ group and to the 2016 baseline,6 with the
greatest burden reductions associated with the most common
injuries (ankle sprains, hamstring, and calf muscle strains)
in football.6,33 Lower time lost for hamstring, quadriceps,
and calf injuries and lower injury incidence for ankle sprains
account for the lower injury burden observed in the P2post
group compared with the Standard‐11+ group. Interestingly,
the Standard‐11+ showed a reduction in injury burden compared with the 2016 baseline,6 which is likely to be the result of a significantly higher number of severe injuries in
the baseline season. Additionally, injury burden associated
with anterior cruciate ligament rupture (ACLR) in the P2post
group was lower compared with both the Standard 11+ group
and 2016 data,6 with ACLR incidence 2.5 times lower in the
P2post compared with the Standard‐11+ group, and half that
of 2016 baseline.6 Furthermore, it is noteworthy that 6 of the
8 ACLR in the Standard‐11+ group were non‐contact injuries, while all ACLR in the P2post group involved contact with
another player. Previous 11+ research found a similar dose‐
related effect to ACLR incidence,48 and our findings present
encouraging data that may help reduce non‐contact ACLR in
sub‐elite football.

4.2 | The potential role of rescheduling on
11+ compliance
Rescheduling Part 2 of the 11+ to the end of training significantly increased program compliance with a 20% higher
number of 11+ doses observed in the P2post compared with
the Standard‐11+ group. When considering the percentage of 11+ doses relative to training sessions completed,
the P2post group individual player dose (57.7%) was higher
than has previously been reported (47%) in 11+ research
in youth football,49 whereas the Standard‐11+ group was
lower (32.7%). However, compliance in both groups in the

WHALAN et al.

current study would be categorized as “low” and “moderate”12 or “low”50 relative to previous research. This result
was despite “best practice” strategies to encourage program
compliance, including extensive coach and staff education50
and engagement with stakeholders.26 The previous 11+ studies, however, did not record or state whether all components
of the 11+ program were completed for an exposure to be
recorded.12,50 The apparently low compliance in this study
might have been a consequence of the strict compliance criteria we applied, as only “doses” in which players completed
all three components of the 11+ program were included in
the analysis.

4.3

|

Limitations

Performing large scale injury research across numerous clubs
can result in several methodological limitations that must be
acknowledged. We acknowledge potential issues that may
arise from performing multiple sub‐classification hypothesis
testing on the same data set. Initial power calculations for
subject inclusion were based on evaluating total injury incidence and burden. Once the overall effect was determined, we
performed sub‐classification analysis on different injury locations and types, which will reduce the power size of the sample analyzed. To overcome the potential impact of obtaining a
false‐positive or false‐negative result, we determined clinical
inferences34 to allow for practical implications to be drawn
from the findings. Although caution may need to be applied
to the sub‐class findings, the number of injuries recorded for
specific injuries, such as hamstring muscle injuries, in our
study was larger compared with other published research.25,37
Attempts were made to control the delivery of 11+ exercises for both groups to allow for the efficacy of the scheduling change to be correctly determined and compliance
accurately assessed. A limitation to the application of the
“compliance” assessment when evaluating the 11+ program
is the progression of stages in Part 2. There is not a specific
progression of Part 2 exercises within the program, and apart
from the restrictions applied at the initial stages, standardized
progression through these stages for players is not possible.
We attempted to address this issue by only “allowing” players
to progress through a stage in Part 2 once the PDC or coach
was satisfied with the technique and performance of the exercise and, as such, maintained control over the prescription of
exercises for the players. Although this limitation may be indicative of a pragmatic issue associated with real‐world program coordination, we applied the more rigorous compliance
definition to ensure the true effect of the rescheduling Part 2
was evaluated.
Notably, while a PDC was present to coordinate the 11+
program, the quality of how well the exercises were performed was not recorded. It is possible that how well the
11+ exercises were performed and extra exercises may have
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impacted on injury incidence outcomes. It should also be acknowledged that the presence of the PDC at training sessions
may have facilitated the compliance observed in this study.
Multiple PDCs were assigned across different clubs,
which might have resulted in under‐ or overreporting of injuries.6 Moreover, variations in coaching styles,51 player fitness
and physical characteristics, and previous injury history of
players were not considered in the analysis.52 We attempted
to standardize the knowledge base, program implementation, and data collection by providing an extensive education
program for coaches and PDCs before the intervention was
implemented to minimize these limitations. Additionally,
PDCs performed several practice injury reports before the
season started to improve interclub data reporting consistency. Further research, however, is necessary to determine
whether the improved 11+ outcomes in the P2post group were
due to increased dose exposure or the scheduling change, or
a combination of the two elements. The long‐term physiological adaptions to performing Part 2 post‐training also require
further investigation. Finally, the translation of the results
and conclusions from this study to other populations, such as
youth and females, should be approached with caution. It is
beyond the scope of this study and as such we do not speculate as to the impact of rescheduling Part 2 of the 11+ would
have beyond the semi‐professional men's cohort.

5
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CO NC LU SION

Rescheduling exercises in Part 2 of the 11+ maintained program effectiveness while increasing compliance, thereby
combatting some of the barriers associated with uptake of the
11+. Our results also suggest that improving 11+ compliance
and performing Part 2 exercises at the end of training reduce
the injury burden and severity associated with the most problematic injuries in football.

5.1

|

Perspectives

Despite the success of the 11+ program in reducing injury
incidence in football,11 a number of barriers exist which
limit implementation of the program.15,16 This study shows
that the simple act of rescheduling Part 2 of the 11+ program to the end of training significantly improves 11+
compliance while maintaining the overall effectiveness of
the 11+ program. Additionally, rescheduling appeared to
impact directly upon severe injury incidence, reducing the
number of days lost to injury for the most common injuries
in football. The findings of this study provide a simple and
practical method to potentially improve the effectiveness
of the 11+ program and the compliance to the 11+ program, and thus may assist in improving the overall adoption of the program.
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